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"PROCESS AND APPARATUS FOR THE GAS- PHASE POLYMERI SATI ON' The present

i nvention rekaleseske a process for the gas-phase catal ytic pebymspos/eati on,
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of the upper pa,réaof the reactqr (freeboard, i.e. the space between the bed

surface ands ¢#He tléﬂuaasmsmeyhunméh@pm@cgaéamdo@mlxsh s reduced, and, in
[ |
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an adequat eteamng;gyabo\thudxkeel-hradngmphaﬁd pratiessas,i the polymer isyc@ﬁiiebeihwvvtehﬁal
"transport vgpﬁ?cl The heat of reactiogn is renoved exclusively by
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conti nuousl [
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pre-treated spheroidal catalyst of coftrol |l | mensi ons an by the use of
propane as d¢signs iy the interp@itor oflG3eBines in the exit gas line. The flow rate of the circulating

gas is set 50 as to assure a velocity within an adequate range above the minimum fluidisation

velocity and below the “transport velocity". The heat of reaction is removed exclusively by
cooling the circulating gas. The catalyst components may be fed in continuously into the
polymerisation vessel. The composition of the gas-phase controls the composition of the
polymer. The reactor is operated at constant pressure, normally in the range 1-3 MPa. The
reaction kinetics is controlled by the addition of inert gases.

A signiﬁcant contribution to the reliability of the fluidised-bed reactor technology in the
polymerisation of y-olefins was made by the introduction of suitably pre-treated spheroidal
catalyst of controlled dimensions and by the use of propane as diluent (see WO 92/21706).
Since fluidised-bed reactors approximate very closely the ideal behaviour of a "continuous
stirred-tank reactor” (CSTR), it is very difficult to obtain products which are a homogeneous
mixture of different types of polymeric chains. In fact, the composition of the gaseous
mixture that is in contact with the growing polymer particle is essentially the same for all the
residence time of the particle in the reactor.

As an example, one of the major limits of fluidised-bed processes is the difficulty of
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is characterised in that the grow ng polymer particles flow through the
first of 8@?&1856%%%@5%9 \Yﬁl € LT dRere mgnemmers prg fad 4 theopresannel of aeatalyst

leave sai dnder r&dctiBR ¥ RditibRd ok Wich the polymer produced is discharged. The process
is characterised in that the growing polymer particles flow through the first of said

polymerisation zones under fast fluidisation conditions, leave said first polymerisation zone

and enter the second polymerisation zone, through which they flow in a densified form under
the action of gravity, leave the second polymerisation zone and are reintroduced into the first
polymerisation zone, thus establishing a circulation of ponmer between the two
polymerisation zones.. '
“According to the teachings of WO 97/04015, it is possible to broaden the molecular weight
distribution of the polymers simply by properly balancing the gas-phase compositions and
the residence times in the two polymerisation zones of the gas-phase loop reactor. This is due
to the fact that, while the polymer moves forward in the second polymerisation zone flowing
downward in a plug-flow mode, owing to the monomer consumption, it finds gas-phase
compositions richer in molecular weight regulator. Consequently, the molecular weights of
the forming polymer decrease along the axis of this polymerisation zone. This effect is also
enhanced by the temperature increase due to the polymerisation reaction.
However, the process described in WO 97/04015 can provide only a limited control of the
molecular weight distribution. In fact, even if hindered by the packed polymer, the diffusion

of the gas within the polymerisation zone in which the polymer particles flow in a densified
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catalytic polymerisation in the gas-phase carried out in at least two interconnected

polymerisation zones, the process comprising feeding one or more monomers to said

polymerisation zones in the presence of catalyst under reaction conditions and collecting the

polymer product from said polymerisation zones, in which process the growing polymer

particles flow upward through one of said polymerisation zones (riser) under fast fluidisation

conditions, leave said riser and enter another polymerisation zone (downcomer) through

which they flow downward under the action of gravity, leave said downcomer and are

reintroduced into the riser, thus establishing a circulation of polymer between the riser and

the downcomer, the process being further characterised in that:

(i) means are provided which are capable of totally or partially preventing the gas
mixture present in the riser from entering the downcomer, and

(ii) a gas and/or liquid mixture having a composition different from the gas mixture
present in the riser is introduced into the downcomer.

According to a particularly advantageous embodiment of the present invention, the

introduction into the downcomer of the said gas and/or liquid mixture having a composition

different from the gas mixture present in the riser is effective in preventing the latter mixture

from entering the downcomer.

As it is known, the state of fast fluidisation is obtained when the velocity of the fluidising

gas is higher than the transport velocity, and it is characterised in that the pressure gradient
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The gas mixtures involved in the process of the invention can contain entrained droplets of
liquid composed of liquefied gas, as it is customary when operating in the so-called
“condensing mode”. Generally, in the following description it is intended that a gas phase or
a gas mixture can contain a part of entrained liquid. |

According to a preferred embodiment of the invention, the introduction of the gas and/or
liquid mixture of different composition into the downcomer is such to establish a net gas
flow upward at the upper limit of the downcomer. The established flow of gas upward has
the effect of preventing the gas mixture present in the riser from entering the downcomer.
Conveniently, the gas mixture coming from the riser is prevented from entering the
downcomer by introducing the gas and/or liquid mixture of different composition through
one or more introduction lines placed into the downcomer, preferably at a point close to the
upper limit of the volume occupied by the densified solid. The flow ratio of the gas
introduced and the downward velocity of the solid must be regulated so that a net flow of gas
flowing upward is established at the upper limit of the zone into which the gas coming from
the riser must not enter.

The gas and/or liquid mixture of different composition to be fed into the downcomer can

optionally be fed in partially or totally liquefied form. The liquefied gas mixture can also be
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so-cal |l ed ondensi ng, node". . Gener al | t he foll scription it is

i nt ended thg 6&%38}%&3@’18?“%6&& M urth 1,onb°%I‘rﬁe‘§°§ ‘3$ T oy W g
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flows in a densified form under the action of gravity along the direction of the arrow 14'. The

two polymerisation zones 1 and 2 are appropriately interconnected by the sections 3 and S.
The material balance is maintained by feeding in monomers and catalysts and discharging
polymer.

Generally, the condition of fast fluidisation in the riser 1 is established by the gas mixture
comprising one or more components coming from section 5, which is fed through a line 9,
that permits also the transfer of the polymer from the downcomer 2 to the riser 1, Part of the
gaseous mixture can be fed to the riser 1 through a line 10 placed below the point of
reintroduction of the polymer into the riser 1. The line 10 can be endowed, where
approptiate, with gas distributor means such as, for example, a distributor grid.

The velocity of the transport gas injected into the riser 1 has to be higher than the transport
velocity under the operating conditions, and depends on the gas density and the particle size
distribution of the solid. It is preferably comprised between 0.5 and 15 m/s, more preferably
between 0.8 and 5 m/s.

The control of the polymer circulating between the two polymerisation zones can be effected
by metering the amount of polymer leaving the downcomer 2. This can be done by using

means suitable for controlling the flow of solids such as, for example, mechanical valves
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condi t i onsepadatiog zbriee4 dn belet tohavef a Sifficient psyssure at the bottom of the downcomer 2,

which avoids possible reﬂux of the gas stream. Therefore, separators are particularly

preferred that do not present a strong resistance to the gas flow, such as axial flow cyclones,

Settlir_xg chambers; to this regard, it can be noted that the presence of fines in the recycle line

6 can be, to some extent, tolerated. Accordingly, section 3 can be a circular connection

ending into an axial flow cyclone, thus avoiding sharp bends of the flow pattern at the exit of

the riser 19 and at the entrance into the downcomer 2.

From the separation zone 4, the polymer enters the downcomer 2. The gaseous mixture

leaving the separation zone 4 is compressed, cooled and transferred, if appropriate with
addition of make-up monomers and/or molecular weight regulators and/or inert gases, to the

riser 1 via the line 9. This transfer is effected by means of a recycle line 6 for the gaseous'
mixture, equipped with means for the compression 7 and cooling 8 and a line 13 for feeding

monomers, molecular weight regulators and, optionally, inert gases. A part of the gaseous

mixture leaving the separation zone 4 can be transferred, after having been compressed and

cooled, to the bottom of the riser 1 through the line 10. Almost all of the gas sent to the riser

1 can be introduced through line 10, while a smaller amount needed to regulate the flow of

polymer coming from the downcomer and to transport it through section 5 can be introduced

through the line 9. Due to this function, it may be preferred that the gas sent through the line

9 does not contain condensed components: in this case, the means 8 for cooling should be

placed on line 10.

Means for cooling the reaction gases can be placed at any suitable point, according to the
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using nmeans suitable for controlling the flow of solids such as,
exanpl e, methihsi pelymgn | fiams the downcemer, Gb decomes possible to continuously control the
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i nt er connecpolpmers &€ tex@BmBIlyC SalD €and 06117 Oglightly OfreataC lthahe thhat’ cii ikt GctieRd by
provi ded placed substantially laongitudinally 1 n the section 5 and
separ at i ng ¥WREPOSING DIATISH PE beppersip altematingdntermittent eperatio. upper part where

the solid f heMidindltotfié lesBt ihvéttioh fhe g8 Yiikfind At is separated from the circulating

solid in the separation zone 4 must be prevented to enter the downcomer 2. According to a

particularly advantageous embodiment of the present invention, this can be achieved by
feeding a gas and/or liquid into the downcomer 2 through a line 15 placed at a suitable point
of said downcomer 2, preferably in the upper part thereof. The gas and/or liquid mixture to
be fed into the downcomer 2 should have an appropriate composition, different from that of
the gas mixture present in the riser 1. The said gas and/or liquid mixture partially or totally
replaces the gas mixture entrained with the polymer particles entering the downcomer. The
flow rate of this gas feed can be regulated so that a flow of gas counter-current to the flow of
polymer particles is originated in the downcomer 2, particularly at the top thereof, thus
acting as a barrier to the gas mixture coming from the riser 1 which is entrained among the
polymer particles.

It is also possible to place several feed lines 17 in the downcomer 2 at different heights, in
order to better control the gas-phase composition throughout said downcomer. The
composition of the gas and/or liquid introduced through those feed lines can be the same or
differ from that of the stream introduced in 15. These additional feed lines, as well as line 15,
can be used to introduce condensed monomers or inert components. Their evaporation in the
downcomer 2 contributes to remove the heat of reaction, thus allowing to control the

temperature profile in the downcomer 2 in a reliable way.
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I's introduced below the grid thus allowing a certain fluidisation of the
solid in the section 5 to facilitate flow. The polyner and the gaseous
mxture | eXOWP202% riser 1 are conveyed to a solid/ gas sepRCEEPHMI4IZNE 4.
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ending into ap.axial fl cycl one, thus_avojding sharp bends of the f|ow

pattern a‘ies?‘ﬁgdef‘?rtexﬂmpf%“gg §g4l’°§!dﬂ‘§rﬂjf‘5¥‘ei' vaptagegysly, jadiustablecmeehanicaler
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t ransf er r Avgthérf suiableodevied és wiet So-eallbidt Tpimchotalwelk ewhiph redweee the poshilsility of _

nmol ecul ar ,wei.ght .r.equl atqQrs and/qr. inert gases, to the riser 1 via the |line

. This tAGEEREPT fhe Teadiort seriny. Mo valvacodsivis f aiflexihle, membrare adepieq e dius

m xture, &ﬂ&bf’&)%ll!“sbmhﬂi?%%nfﬁfm&&?n§g st %a@@%e@%% 1@9 wal FIQd The | NE
nmol ecul ar h 0 ,

13 for feeding nononers, wel g regul at drs and, optiona her t

- gases. A membragg, the dattgneestricts thi s¢atiton of émueanior todhsdgsired extent. zone 4 can be

transferrged, .after havi een, conpressed and.cqoled, to the bottom of the
riser 1t %ﬂﬁrhtot Icror?gg]lgl.e PRIYRLS ﬁq"l’ %P“@h@eglﬁgo@é?ﬁtg? dowpgomer Zejt may: an

- be i ntrodpe advintdgRbad tb | iiRodiiée ¥MPak %ﬁaﬁ”@‘dbﬁhgﬁé@?&%ﬁnt@%@%w%?ﬂaﬂg‘# (;ﬁ]lijegh

the flow of polymer com ng fromthe downcomner to transport it t

** section sdevgropier 2nata peisbivst #hayedhe sestion whereothe downteomeh? deaflsiinto seationi
. b . th t | 9 d t t ai
Condensediroishtsh, sfifberiatfy S 18 Hhis' ket B mos Siredt R rohestl ahons e

pl aced onrekirictiod As above described, if this is foreseen. The presence of both the restriction and the
said gas stream is particularly advantageous for the control of the process, in particular of the
flow of recirculated polymer and the pressure in the terminal section of the downcomer 2.
The gas to be introduced through line 16 may be taken from the recycle line 6, preferably
upstream the cooling means 8, likewise the gas to be introduced through line 9. Then it may
be necessary that the flow of the polymer in the downcomer and of the gas introduced
through lines 9 and/or 16, particularly 16, be regulated in order to avoid that this dosing gas
flow upwards into the downcomer 2. '
Various methods can be used to increase the density of the polymer suspended in the riser 1,
in order to increase the residence time of the growing particles therein. Thus a better
utilisation of the reactor’s volume, besides the regulation of the relative amounts of the
polymer produced in the riser 1 and the polymer produced in the downcomer 2, is possible.
For example the exit of the riser 1 can be shaped as a sudden restriction and the connecting
section 3 can have a smaller diameter than the riser 1, or the riser 1 and the section 3 can
form a sharp angle. -
A part of the riser 1 can have a larger diameter, than that which allows a gas flow velocity
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Means for cooling the reaction gases can be placed at any suitable point,
according to the 6 WO 00/ 02929

PCT/ EP99/ 04790 ¢0r39d9edge of the skilled in the art. For exanHGI/ERSodi2k et
heat exchanger can be placed around any of the pol ynerisation zones to
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solid/gas separators 4 and 4°. The gas separated in both separators is sent to a recycle line 6,

compressed in a blower 7, cooled in a heat exchanger 8 and reintroduced into the
interconnecting sections 5 and 5’ through lines 9 and 9’ and, optionally, also at the bottom of
the riser 1 through line 10. The solid separated in the separation zones 4 and 4’ fall into the
downcomers 2 and 2’ where they flow downward in densified form under the action of
gravity. A feed line 15 introduces into the downcomer 2 a stream of gas of composition
different from that present in the riser 1, while the gas mixture present in the downcomer 2’
is constituted by gas coming from the riser 1 and entrained among the polymer particles
flowing in densified form. Make up monomers and other reactants can be fed through line
13.

Another example of the above-described embodiment is illustrated in Figure 3. With
reference to this figure, the gas stream coming from the riser 1 is sent to the gas/solid
separator 4. The separated solid falls partly into the downcomer 2 and the solid exceeding the
solid flow rate established in the downcomer 2 overflows into the downcomer 2°. Therefore,
the Jevel of solid in the downcomer 2 is kept constant by the overflow accommodation, while
the level in the downcomer 2’ is adjusted with one of the methods described above. A line 15
for feeding gas is provided into the downcomer 2 to prevent gases coming from the riser 1

from entering that zone. The gas separated in the gas/solid separator 4 is recycled on top on
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flowrate of this gas feed can be regulated so that a flow of gas
counter-current to the flow of polyner particles is originated in the
downconer WOPMIZ2%ul arly at the top thereof, thus acting a®PCI/EPN4782 toO
the gas m xture com ng fromthe riser 1 which is entrained anong the
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5, the section f t he batt f the downconer 2 can be conveniently
restrict ed™YBe Mﬁptﬁnﬂ%ﬁ}‘?dfé"ﬁ’ﬁﬁ@ﬁr ike a funnel. Advant ageousl y,
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he.r onct SRS e WAL my B ik aed, oy heing (X JRutediies 4 RcapabbofereRben

& the wall &ﬂ&etﬂi@clsely, when the latter are the most volatile. This scheme is particularly suitable

leh

when the process of the invention is used to produce broad molecular weight olefin polymers
and hydrogen is used as molecular weight regulator in the riser 1.

After the hydrogen containing recycle stream of line 6 has been compressed, a part thereof is
sent through line 18 to a condenser 19, where it is cooled to a temperature at which the
monomer(s) and the optional inert hydrocarbon component(s) condense. The solubility of the
hydrogen in the liquid is then low enough that the liquid obtained is suitable to be fed
through line 15 into the upper part of the downcomer 2 as previously described. A separating
vessel 22 is also preferably present downstream of the condenser 19. The separated gaseous
mixture rich in hydrogen is advantageously recirculated through line 20 to the recycle line 6.
When this particular scheme is adopted, the make-up components that must be present in the
downcomer 2 may be fed at any suitable point directly into line 15. A suitable point of
introduction for components in the liquid state is directly into the vessel 22, through line 21.
The liquid can be fed into the downcomer by gravity by placing vessel 22 at a convenient
height or by any suitable means, such as a pump 23.

According to a preferred embodiment, particularly indicated when this particular scheme is
adopted, the upper part 25 of the downcomer 2 acts as a stripping column to further remove
the volatile component, e.g. hydrogen, from the gas stream flowing through the downcomer

2. The barrier stream is fed through line 15 in the liquid state. The heat necessary for the
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menbrane, the latter restricts the section of the reactor to the desired
extent. In order to better control the polyner's flow through the bottom of
t he downconeW®@00/2829may be advant ageous to introduce a gas StRGIAERISOEBZI ng
gas") into the lower part of the downconer 2, at a point just above the
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The liquid or gas-liquid mixture can be fed into the upper part 25 of the downcomer 2 by any
suitable device. For example it can be sprayed above the top of the packed-bed present in
section 25, or introduced by one or more pipes protruding into the said section.

In order to assure that section 25 is not fluidised, but behaves like a packed-bed liquid-
drowned column, it has preferably a bigger diameter than the rest of the downcomer 2. Its
lower part can be funnel-shaped.

The embodiments described in figure 4 are also suited for other processes than the
production of broad MWD polymers by use of hydrogen. It can be used, for instance, to
produce blends of a propylene homopolymer and a random copolymer of propylene with
ethylene. In this case, the same scheme applies, with ethylene being the volatile component,
so that the homopolymer is produced in the downcomer. This scheme can also be applied
when a heavier component must be present in higher concentration in the downcomer; for
example, when a propylene homopolymer or copolymer with low 1-butene content must be
prepared in the riser and a propylene copolymer with higher 1-butene content must be
prepared in the downcomer. In particular, the upper part 25 of the downcomer 2 can be used
as a l-butene enrichment section for the liquid mixture that flows downward to the
downcomer.

Another example of application of this embodiment is when ethylene is (co)polymerised in
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Accordi ng to anot her enbodi nent of the process of the invention, it is
provi ded nore than one pol ynerisation zone, through which the grow ng

pol ymer paWQ @329 | ow downward under the action of gravityPCUBRPUGIZY S) ,
and the gas mxture arriving fromthe riser is prevented to enter only into
some of tR](Pa downconers, while in the other downconer(s) the circul ation of
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circul ati ef?%‘??%“% m xture arriving fromthe riser is permitted, this

enbodi nen t:] f [ D il s - ' N
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bot h sepalsh 1928y pessills sequentialqz igtepesqd mwltisstagerpeesssed in a bl ower 7,
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cect | ons WheHiab of Hiie ARl bed fHoliogth RbaliBleto R T RRRANGRorRes
bot t om of gashenixtugesr hdvihg rconggositione differeih anongi these pad adled differeme from the

separation zones 4 d 4 fall into,tgleqdomcorrers 2 and 2' where they flow
downwar d PPRRSHIGNGIAPC BAFTHXIGTE PFESEMdn MATSR of gravity. A feed line 15 |

ntrod . ; . . : °
ffom t hat i it (4 (HEWRE iSEEesly & SHGRENMA BT of i RISl B Ahed R
downconer canstifutedchynene druherd réactayss coming fromthe riser 1 and entrained :
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this figure, the gas streamcom romthe riser 1 1s sen

- gas/ sol i dthecondensen 19 thefgas sepasated from lins! 6 1o feed lines9al 6 hyd 1 8ican ¢dnyenienthcberer
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Any type of suitable catalyst can be used in the process of the present invention, since it is
not important for it to be in any particular physical state, and catalysts in either solid or
liquid form can be used. In fact, in contrast to the conventional fluidised-bed gas-phase
processes, the process of the present invention does not necessarily require the use of cata-
lysts in which at least one component is in a granular form, but can be carried out with
catalysts in which the various components are in solution. For example, catalysts for the
polymerisation of olefins based on titanium, chromium, vanadium or zirconium can be used
either in supported or unsupported form. EXamples of catalysts that can be used are
described in the patents USP 4,748,272, USP 4,302,566, USP 4,472,520 and USP 4,218,339.
Particularly suitable are the catalysts of controlled morphology, which are described in the
patents USP 4,399,054, USP 5,139,985, EP-395,083, EP-553,805, EP-553,806 and EP-
601,525, and in general catalysts capable of giving polymers in the form of spheroidal
particles having a mean dimension between 0.2 and 5 mm, preferably between 0.5 and 3
mm. The process of the present invention is particularly suitable for the use of metallocene

catalysts, either in solution or supported. The various catalyst components can be introduced
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the level in the downconer 2' is adjusted with one of the methods descri bed
above. Aline 15 for feeding gas is provided into the downconer 2 to
prevent gasewoogawmes® fromthe riser 1 fromentering that zon@CIIERIY/G4IS2
separated in the gas/solid separator 4 is recycled on top on 9 WO

00/ 02929 PCT/ EP99/ 04722 t he
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(reference ilf a”@ﬁ?la'%toidc sSltifién 14 e%gl%%d, O Antapstfs 110 foed RBE ISoRtiofilib@AMe

after renoval or soOfficient redu n of the conponent(s) which nmust be
prevent ed f rdomneomer. lm this basedbismeoessary 2o fead dlsogasadidisupport én firovwf particles; ders

of the compdRBHIE BFICLHRHPSIRS. TRerbia SRt Bur e Merernns dehoia 8T8 any
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different; nore precise en t atter are the nost volatile. This
schene i s pdmbwnlihd sfate of thelakte forlesampledypneaswring thé differenitial, pressuombatweenstow

ol Soul ar - wePGREE RuEF e T S o it POERFER 1R Ff hegeine: O Sy

ey SR b fepepE sy cooed, @ pa L (ool s sent

whi ch t he nUTlenepetinggrathnidters oydh o) fr example, teyeheratare and poassgre, e tlasy that are

condense. Thuesuaslloilnuggis-lp. ;s% c%Ial)&tﬂ:epolymerisaﬁon processes. For example, the temperature in gas-
phase processes for the polymerisation of olefins is generally comprised between 50°C and
120°C. '

The process of the present invention can advantageously be used for the preparation of a

large number of olefin polymers without the disadvantages described above. Examples of

polymers that can be obtained are:

- high-density polyethylenes (HDPEs having relative densities higher than 0.940)
including ethylene homopolymers and ethylene copolymers with y-olefins having 3
to 12 carbon atoms;

- linear polyethylenes of low density (LLDPEs having relative densities lower than
0.940) and of very low density and ultra low density (VLDPEs and ULDPEs having
relative densities lower than 0.920 down to 0.880) consisting of ethylene copolymers
with one or more -olefins having 3 to 12 carbon atoms;

- elastomeric terpolymers of ethylene and propylene with minor proportions of diene
or elastomeric copolymers of ethylene and propylene with a content of units derived
from ethylene of between about 30 and 70% by weight;

- isotactic polypropylene and crystalline copolymers of propylene and ethylene
and/or other -olefins having a content of unmits derived from propylene of more
than 85% by weight;
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hydrogen in the liquid is then | ow enough that the liquid obtained is
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6); the hydrogen conten f the liquid fl ow ng downwards decreases as it
goes down thegeinhenly cinea mecl: lower eancemtratiop)efhisi ¢ana be achievedaadcoriling)del the

m distillation gol up.. T bigubd ki o BACrHLL FLETY e MALOREN WeigF

regulator consisting, for instance, of monomers and inert gases. By maintaining the
downcomer substantially free of molecular weight regulator, polymeric chains will be
formed in the two zones with considerably different molecular weights. The fast circulation
of the solid between the different polymerisation zones allows obtaining a high homogeneity
of the product. This is an in’iportant feature, particularly when the polymer is used for certain
applications, such as the production of films.

A particularly interesting use of the presently claimed process is for the preparation of in-
reactor made biends of polymers having different compositions. In fact, if the gas mixture
-introduced into the downcomer contains different monomer concentrations and/or types with
respect to the gas-mixture present in the riser, the product will be an intimate blend of
polymer chains having different compositions.

It may be found advantageous that the gas mixture present in the riser be only partially
prevented from entering the downcomer. An example of application of this embodiment is
the preparation of a blend of copolymers with different concentrations of the same
comonomer in the two polymerisation zones. By feeding a mixture free of the said
comonomer into the downcomer, the concentration of that comonomer therein will be lower
than that in the riser. Thus a blend of two different copolymers will be obtained.

Advantageously, one or more inert gases are maintained in the polymerisation zones, in such
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solid particles into the downconer 2, where it gradually evaporates. A
heater 24 can al so be foreseen on line 15 to provoke a partial evaporation
of the |iqui ¢ygeudaeasf ed i nto the downconer, so that an hydr oROT/ERIM4TI2S | S
al ready generated to facilitate its renoval and the successive
fractionation. Any suitable conbination of heaters, condensers and
fractionati nquaititiesthat the siinrof thepartia préspuresipf the dnertgases is@refprablyt begweannrand

[ jon..Th i qui d. -1 i qui,d m : he fed | .
bper par t - S8 0%tk ishree of 5 et oiie Bt oot Be uteed, o bE didfatic,
be sprayed ghausaitos 11591;55@“-6 tiBo SR IprefReakly ?g@ﬂﬁe. Mhe pRGEARDIZRe ineft gas has

I ntroduced by one or np pl pes protruding in the said section. |In order
to assure thmmeseust advan@ges. 3t makesf it possibledp ederdse ithe, exactionk kingtigsawhilel -ab dlae

[ i id- d d | . i.t. h f bl bi gger di t th h t

of "the. downcBer e Tiastaieing sl i Rt il s8R ioe o b R The

described i rl'iixfcgﬁ'tibﬁ c%\%‘e@soﬁ] s 24dhleS dn BGquthTehﬁ‘dss BbRGaRIBSthe MRst dxbkange on the
of broa p

protucti on olymers by use of hydrogen. It can be used, for
i nst ance, t gapticlelin ethéIbed dmdpthreughr they teoler bt cirgulating: gasequy mivtore, for the

O Lo P bt 5 LB ptat by WP, R acvantage
homopol yTer _ 4iSBIHeaasof the! fiee (AVAC RHR i lldYS iR The ABfipaafifc Rr@Rb i b

when a heavi er conponent mnust present 1 n higher "concen [

ration in the
downconer ; fdowmeaeywhichuuas irrarmpesspyiably edidbatiopaddener or copol ynmer with | ow

Lo EE oy o Byl B R ol NSy AR R ORY S R e
oo SR AR PR HORETRY R kit bk i
downconer. Adwttivemes heatpemoudl effiqincyacan be higher thias ircarbenvienigonal fluidiged hed. This
ethylene is ]ge%%tg ?cla Kewn%rai hslgl(xjer is{alec:ll&c productivity than that obtainable in a conventional fluidised
bed.
The present invention also relates to an apparatus for the gas-phase catalytic polymerisation
comprising a first vertical, preferably cylindrical, reactor 1, a second vertical, preferably
cylindrical, reactor 2; the upper region of said reactor 1 being connected by a connecting part
3 (i.e. a pipe) to a solid gas separator 4, which is in turn connected to the upper region of said
second reactor 2; the lower region of said second reactor 2 being connected to the lower
region of said first reactor 1 by a connecting part 5; said solid/gas separator 4 being
connected through a recycle line 6 to one ore more points of reintroduction into said
connecting part 5 or into said reactor 1; said apparatus having a line 12 for feeding a catalyst
into said reactor 1; a polymer discharge system 11 from said reactor 2; a line 13 for feeding
monomers; the said apparatus being further characterised in that it comprises a line 15 for
feeding gas or liquid into said reactor 2, preferably placed in the upper part of said reactor 2.
According to a preferred embodiment the apparatus also comprises a line 18 connecting line
6 to a condenser 19, which is connected via line 15 to the reactor 2 and also comprises a
recycle line 20 for not condensed components back to the recycle line 6.
Preferably the line 15 is also provided with a vessel 22 and line 20 connects the upper part of
the said vessel to line 6. The line 15 may also be provided with a heater 24.
According to a further embodiment, the exit from the riser 1 is shaped as a sudden
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the presence of a less volatile inert, such as propane, which can be
condensed WO ¢bdozs2@per ati ng pressure and utilised as barri erpdI/ER9S/047120
prevent hydrogen fromentering the dowconer. In this case ethylene can be
rei ntroduced directly into the downconer in different positions. The
process ofestrictionrarshe section 3n comnecting the gise hio theseparator 4 ohasansmallen diameter

pol ymeri sation t echnol.oqkes, (i n.bul k.or, kn_th as- phase, either in a

flui di sed- tgae&seri ! oghéﬂéén%%g&o&%f%ar . eany possi bl e sequenti al
or intergassdertd brovide?deboie Uf8éstalifi® dfVe dhveiitio tHe \TBNOWRIgSexdinfbles are
provided, it is possible to feed to different downconers gas m xtures

havi ng cdepstad: which ater giver rfor diwsingtive dvrposes Hnkio and fshall enat ba gpnstived as
conposi ti,Qn.. of t as_ i xture present in the riser. Further, in the

pr esent p}g%%%g'g(’?&l 0V¢I%nhded that each of the pol ynmeri sati on zones can be
constit utERAMPERES Oor nore reactors. Since fines can be tolerated in the

recycle streamo to be fed to the riser, but can disturb the operations if

they are §haracterisationsisport section 5 or into the downconer through |ine 16

or to thencqn r ' he s.separat.ed fr. i ne 6 feed lines 9, 16

and 18 ca ecpd‘%%ﬁ%e%%tg@“{%e Qe?%g%edioarcﬁgrtgn% tﬂé@en}éoilagqréﬁrg%t%%s.any sui tabl e )
ki nd. Themék ielex FMIFE): ASTM-DuiB3Befethéd B. | i ne 6, or sent along with the gas
streamfed to the riser through line 10. Any type of suitable catal yst can

be used iMeltindegFodddy: ABTM-P 1238 seathod Fivent i on, since it is-not inportant
for it t . | n [ X VSi state, and catalysts in either
solid orwglﬁd&xioMﬁgahswys]e%&ﬁ%ﬁ@a%t, in contrast to the conventi onal
f 1 ui di sedRétkcofiiRgrepl @/E):nals Basesn melténdex® askmek indeg For esent i nvention

does not necessar.il re%;i re the use of cata- lysts in which at |east one
corrponentDP%SlchAﬁTBiQn r form but can be carried out with catalysts in

2. whi ch UhepUaGLOUBEAIPARIAS (V! the® Qb herd Rl AR 1f0BSYSE el B

t he pol yner ron o anium chrom um vanadi um or

= zi r coni unexampldsel tos®4] veith tefillad3988( 9ok wtl %rin exanplpad) ack furlentedBnaxpmeke of

catal ysts, that can be used are descri i patents USP 4, 748, 272, USP
502 S6etS: dhgsef eps epichl acesstingsa ASi D108

Hardness “shore D”: ISO 868.

Insolubility index: in xylene at 25 °C.

Intrinsic viscosity (I.V.): in tetrahydronaphtalene at 135°C.

The differential scanning calorimetry (DSC) measurements have been carried out on a DSC-
7 apparatus of Perkin Elmer Co. Ltd., according to the following procedure. About 10 mg of
sample are heated to 180°C with a scanning speed equal to 10°C/minute; the sample is kept
at 180°C for 5 minutes and thereafter is cooled with a scanning speed equal to 10°C/minute.
A second scanning is then carried out, according to the same modalities as the first one. The
values reported are those obtained in the second scanning.

Polydispersity index (P.1.): this property is strictly connected with the molecular weight
distribution of the polymer under examination. In particular it is inversely proportional to the
creep resistance of the polymer in the molten state. Said resistance, called modulus
separation at low modulus value, i.e. 500 Pa, was determined at a temperature of 200 °C by
using a parallel plates rheometer model RMS-800 marketed by RHEOMETRICS (USA),
operating at an oscillation frequency which increases from 0.1 rad/s to 100 rad/s. from the

modulus separation value, one can derive the P.I. by way of the equation:
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Particularly suitable are the catalysts of controlled norphol ogy, which are
described in the patents USP 4,399, 054, USP 5, 139, 985, EP-395, 083,
EP- 553, 805, o 6fai2eB06 and EP- 601,525, and in general catal yMUHERIO4BRe oOf
giving polyners in the form of spheroidal particles having a nean di nension
between 0.2 and 5 preferably between 0.5 and 3 nm The process of the
present invédk Fﬁﬁ*@péﬂwmpy) duitable for the use of metall ocene

ggﬁ]alogs}[ﬁtrg'd‘ﬂgﬁefiﬂﬂn 1{1@%8@81}6@ %#)e%%&%d The various catal yst conponents

PCT/ EP99/ 04¥X£xduRis s{le{lﬂatﬁﬂa@fr%ieﬁé y &'Gab00Pdfrejueidy MG H500P4 the riser and/or
of the downconer. e catalyst can be fed in either wi thout prior treatnent

or in a prePBieyinG sethestorage modulusend & hisrtholowmedulest i on stages are
situated upgirea it Js also possible to feed the polynerisation zones
with a cat agﬂlﬁﬁh?&@ﬂg&i in a pol ymer suspension coming from an upstream
bul k react OPolyﬁfensamk et cardied R SRdkri donfinsbuy cBAdiMOMY inCo plang cémpﬂslﬁg\ a gas
upstream gas- phase reactor. If a catalyst in solution is enployed, i's

advant ageouphascpbbmbmmwwamﬂﬂmhnd slwvarowﬁeuraelr.. In this case |t i s
necessary t feedasoa su i.n _form of e for. inst

pr epol yrrgr S"QF £ralys V"asl'fﬁ%l dgaép erP“W?@P%@ E"'f)ﬁielfe 1B S Pefiseﬁqf’ﬁ
the riser. ?nmhyfzaemﬁoeﬁanuréﬁl &SwiicBmieP 2, ﬁl&é&%&ﬁﬂé@teﬁ%}e&&l%ﬁs Bearnt0Bi Fasted

by the usual rrethods known in the state of the art, for exanpl e by
measur i ng t Aeidisatibe conditiahs perss ssiatdishest ineesactond byiirecyblieg B@S fiom ﬁleoaayz'@hé

axis of the nef i,sat i,on z £as t he densi clie
detectors (F%PI% ‘F‘r %u%herfgjcer%;?(eq? ezg &xgat?owrﬁsg?rz%%f ée%u%é(ﬁhagger §) t?
exanpl e, t e O ﬂw’j&@nﬁi@sﬁl&é&o@ ﬁndd}ﬂﬁ)ﬁaﬂﬁ”ﬂ érﬂ?ft&:oughlﬁhe 10 t@ﬂﬁhb’ﬁ@ﬁa&)f
catal ytic polynerisation processes. For exanp e terrperature I n gas-

phase pr oceteastorflorTheneatglpsty prepplymerised mthoprepylﬁ@, |V@Sg’@ﬁ’é dugedythrongh linge 2.

between 50 %)ialéecl:lpaﬂ}gno%e% ad ﬂy%rogen as molecular weight regulator were fed through line 13.

A gas stream (barrier feed) was fed to the reactor through line 15 in the operative examples,
with the exception of the comparison examples, where such barrier feed was not present. The
produced polymer was continuously discharged through line 11. The flow of polymer exiting
the downcomer 2 was controlled by a Q ball valve operated by a gas stream taken from
recycle stream 9.

Unless otherwise specified the “barrier feed” is intended in the gas state.

The quantity of polymer recirculated in the apparatus during the tests was comprised
between 500 and 5,000 Kg/h.

Examples 1 to 11 (polymerisation of propylene).

An apparatus as described above was utilised to polymerise propylene. Both riser and
downcomer had a nominal diameter DN 100. The catalyst employed comprised a catalyst
component prepared with the procedure described in EP A 728 769, example 1, and
triethylaluminium (TEAL) in a molar ratio TEAL/Ti of 280. The recirculated gas was
completely reintroduced through line 9. The temperature throughout the reactor was kept at
about 80 °C and the pressure at about 30 bar. Other operative conditions and the
characteristics of the produced polymer are indicated in Table 1.

Examples 12 to 19 (polymerisation of propylene).

An apparatus as described above was utilised to polymerise propylene. Both riser and
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The process of the present invention can advantageously be used for the
preparation of a |arge nunber of olefin polyners w thout the disadvantages
descri bed 3@0eA292xanpl es of pol ymers that can be obtai ned RCEEPI/04722

hi gh-density pol yet hyl enes (HDPEs having relative densities higher than

0. 940) including ethyl ene haonppol yners and et hyl ene copol yners w th
[err] ) 0: ef4wcﬂg\?¥ h@al 8 qoml&aﬁ %ﬁﬁ%Dﬁéﬂ%;me catalystiemployedgopenrisod erratalyst

I d [ [ [ b bl t:ha ) d ery
| ow denai Tampoiseplepl o8 dcicithBl i Rp 228 6 i, 1404815 33) s @iyt
densi ti escompenent haas Qs& Owitlo vdicydolihnﬁgdi)neﬂmxyl kiMn'E:ngs Cétxteih&lyﬂeﬁt& afd OWHRE' S
ith R -0l efins_havin to carbon ataons; - .

\éml ast gﬂgr%ﬁ%:‘%ﬁé Mt hyR&n@o dr?}%%pf%%éﬁwiqu #8fAor ther saalan ratie 011:
di t | : | nt o
ni 18 dor oo PR EBAEAGOP Sk B The R IBCAIAE vl ol PR ichatnioREh Bk
i sot act i c 9pThe/temypeydteredhranghaut yist whitonwas kepiay aious -80f°0f3rﬂﬂ.hf Qf%mﬂéfit ?jbc}ut

- ' [ t ent ive rom
o b one i e el png o s gt s roced pobi
PCT/ EP99/ Qlilehted in Tabld £Ot acti c copol yners of propylene and [err]-ol efins,
such as 1-butene, wth an [err]-olefin content of up to 30% by weight; -

i npact - r e Eixgples 20 to25| (polynprisation of ppépyilam). by sequential pol ymeri sat |38(r)}
of propyl ene and m xtures.. o ropyl ene.wi th ethylene containing up to 0
by wei ght Sﬁ’f amamﬂlseﬁ%;‘éescnbeﬁ agpﬁth’Yaé WHisgd to Rehaneiss RroRylsng e rises aady arer s
of propyl aomira il BNE15Y) ¢heHowncomer had a nominal diameter DN 100. The catalyst
employed was prepared as described above for examples 12 to 19. The recirculated gas was

reintroduced through line 10 except a minor amount recirculated through line 9 to carry the
circulating polymer through section 5. The temperature throhghout the reactor was kept at
about 80 °C and the pressure at about 32 bar. Other operative conditions and the
characteristics of the produced polymer are indicated in Table 1.

Examples 26 to 34 (polymerisation of propylene).

An apparatus as described above was utilised to polymerise propylene. The riser had a
nominal diameter DN 200, the downcomer had a nominal diameter DN 100. The catalyst
employed was prepared as described above for examples 12 to 19. The recirculated gas was
reintroduced through line 10 except a minor amount recirculated through line 9 to carry the
circulating polymer through section 5. The temperature throughout the reactor was kept at
about 85 °C and the pressure at about 30 bar. Other operative conditions and the

characteristics of the produced polymer are indicated in Table 1.

Examples 35 to 38 (homo- and copolymerisation of ethylene).

An apparatus as described above was utilised to polymerise ethylene and to copolymerise
ethylene with butene. Both riser and downcomer had a nominal diameter DN 100. The
catalyst employed was prepared as described above for examples 1 to 11. The recirculated
gas was reintroduced through line 10 except a minor amount recirculated through line 9 to
carry the circulating polymer through section 5. Make-up ethylene was fed through line 13
except a minor amount fed directly into the downcomer. The temperature throughout the

reactor was kept at about 85 °C and the pressure at about 25 bar. Other operative conditions
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other [err]-olefins containing nore than 70% by wei ght of units derived

. from propyl ene; - pol ybut adi ene and ot her pol ydi ene rubbers. |If broad
nmol ecul ar wewghdeodezet ri buti on pol yners are targeted, a nol ec®cIvEPSSD4yR2
regul ator, such as hydrogen, can be fed into the riser to obtain |Iow
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used for certain applications, such as the production of filns.
parti cul ar | exampies Exta b9 Theereoirculated ;ga&ammytr@dtacdrﬂdomlnha@éo |escefp(qra miver

Compos t 1 onERoH Treiihed HEHEnding i seP FDatRE AP FED CERERHCD fohe
contains di fe&f‘p’ef‘a@ﬁre TREagRut ﬁfer}e&mrr@sxsu&a@at%%m wgﬁﬁmwp}ésshsapmt 3 b&xhe
gas-m xture esent 1n The riser, e product wll be an“intinmate ble

pol ynmer chaOther loperative dmﬁdﬁtmmrmdahmpimaclterxsnss of the rqulmd polymgr amnadtcaﬁgéoms

that the ga,glglanure present in the riser be only partially prevented from
entering th Bincomer. An exanple of application of this enbodinent is the

preparati onEﬁmﬁlégl‘;gqg‘ggf(Payﬂghymnso iropylhé) er ent concentrations of the

same conono Wo pol ynerlsatlon Z0nes. feeding a mxture free
of the saidTe cmbymme pmprienmeandmmmeps dteﬁmbed) ove waesiwiised, exeept for the
conononer theregin

t t hat th f
i fTerent cBored e her exsBifitn st WaAnoU Riteh shof 10, 1H¢3ieR €A fofind
gases are Njaftietdr TG 200, thd doRAtoHa Hadadl noMinZlodigGetet DNS UGH) Thé catalyst employed

comprised a catalyst component prepared as described in EP A 728 769, example 5, lines 46
to 53. Such catalyst component was used with dicyclopentyldimethoxysilane as external
donor and with triethylaluminium (TEAL). The molar ratio TEAL/Ti was 105; the molar
ratio TEAL/external donor was 8. The recirculated gas was completely reintroduced through
line 10 except a minor amount recirculated through line 9 to carry the circulating polymer
through section 5. The temperature throughout the reactor was kept at about 85 °C and the
‘pressure at about 26 bar, except in example 42 where it was kept at about 30 bar.

In order to verify the possibility of using the upper part of the downcomer 2 as a
fractionating column the barrier feed was introduced prevalently in the liquid state and it
contained 1% by mol. of hydrogen. In order to produce a broad MWD polymer, the
hydrogen concentration in the downcomer must be very low.

Other operative conditions and the characteristics of the produced polymer are indicated in
Table 4.

Example 43 (Preparation of a blend of propylene homopolymer and ethylene modified
polypropylene).

To prepare the above-mentioned product, an apparatus as described above was utilised,

except for the position of the heat exchanger, which was now placed on line 10. The riser had
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PCT/ EP99/ 04722 quantities that the sumof the partial pressures of the

i nert gasewoiosoeef erably between 5 and 80% of the total prRCEERINER22t he
gases. The inert gas can be nitrogen or an aliphatic hydrocarbon having 2-6
car bon atoms,_preferablﬁ/ propane. The presence of the inert aas has

numer ous &8omiNahdiameterDN200sthe dopmsemen had: pnerinal diameter DN 400+ Tharcatalygt i cs
while at .the .sa i 4 ' | 04 | . S  clenito
coep | o TRERE ToupriSh Sl Pricbrki Bend b 6 SRBIKERAE A7 5090, xlibie ¢
mass fl 04, tinee46 ¢ 58 hSudhecitalyst comporent washsed avithi dibyclopentyidintetitbxysithne as

t hrough the cooler on the ¢ircul ating gaseous m xture, for the renpval of

the heat e¥terialsdonpioand with tnetaylabyminiuey b o polatatio A/ wasddPnthe
advant a0g b LG BERPRRGd ohBEwh8! TheIRRirkSlateliFas bas Uolrell lnklofitbdi®
tenperature i'ncrease i n the downconer, Ich runs1n an essentially
adi abat i chmongle line t10nexeeptoe nthcrCanicling dedifealatddythrsighdingd & party theScitdulatingC h
the solid contipuously circulates and, in particular, is continuousléOC

t

t r anspor tholymer through speion 3 dkhe temperawrs thgueghgutthe seactes wasikepb Atabouh 8 |
r enoval lac gsxé’:é: wher than in a conventional fluidised bed. This,
permts %%H%véga |%h%g§&sjpye%?'fic productivity than that .obtainable in a
convent i (fhelbafrietifeddswak inerdductt éntp tieeswppier pary efithe dowatsinerrif il Kquid stated '
apparatus_for the, gas-phase catal ytic polynerisation conprising,a first
verti cal OBsLorsrathe,camlitiony m@ she Chagagtaristics) of the ywedicad @gfymeea@rq indhicated iap| y
cylindricglye §€actor 2; the upper region of said reactor 1 being connected
by a connec%ln'g part 3 (i.e. a pipe) to a solid gas separator 4, which is
in turn dixanspleecld @repiratiopadra blegd @f tob differknt etisylehe madifivd polypropyleneer
region of said second reactor 2 being connected to the |ower region of said
first. reRYYPEEIHy a connecti ng part 5; said solid/gas separator 4 being
sz connect _edrag e ASFEShéntloh8F pRoduet, ACaffafarihs dBRirbed ABbvé Gl Gfifbegt i on -
~into said confecting part 5 or into said reactor 1; sald apparatus having a -
] ine 12 fexceptdeonitha gositiomphithgdieat exchanger, which was now placed on line 10. The riser had

a nominal diameter DN 200, the downcomer had a nominal diameter DN 100. The catalyst

employed comprised a catalyst component prepared as described in EP A 728 769, example
5, lines 46 to 53. Such catalyst component was used with dicyclopentyldimethoxysilane as
external donor and with triethylaluminium (TEAL). The molar ratio TEAL/Ti was 105; the
molar ratio TEAL/external donor was 8. The recirculated gas was completely reintroduced '
through line 10 except a minor amount recirculated through line 9 to carry the circulating
polymer through section 5. The temperature throughout the reactor was kept at about 70°C
and the pressure at about 24 bar. '

The barrier feed was introduced into the upper part of the downcomer in the liquid state. In
this example the barrier feed (propylene) was regulated to allow a minor amount of the
ethylene containing gas entrained with the polymer flowing iﬁto the downcomer to enter the
latter. Thus a propylene copolymer was produced in the downcomer with a smaller amount
of bound ethylene than that produced in the riser.

Other operative conditions and the characteristics of the produced polymer are indicated in
Table 6.

Example 45 (Preparation of a blend of propylene homopolymer and ethylene modified
polypropylene “soft grade”).
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-into said reactor 1; a polyner discharge system 11 fromsaid reactor 2; a
line 13 for feeding nononers; the said apparatus being further

characteri sewwoewmbmt it conprises a line 15 for feedi ng gas PoT/EROH472 | Nt O
said reactor 2, preferably placed in the upper part of said reactor 2.
According to a preferred enbodi nent the apparatus also conprises a line 18
connecti ng TPrigeprre dhe abevedmertianed prodyst, can appatabisnesc desgribeds abgwgewas; utilisedpe

reactor 2 I ... S a.recyvgl e |ine. for 0 ts
bk to 1 naaR BPwE BIRELE 5P B 1ba X Sabetn, Bfich tr v decfi B0 4803 6 ECARP BT
vessel 22 affiothinabdidfhiefed DI 20S, thé dowidtitierhad la fomihdlQligatter DESH. The cafaligt 6.
The line 15 may al so be provi ded with a heater 24. Accordi ng to a further

embodi ment , empleyesk pamprisgeha eatalystseomponens prepaptiaceording te) thenpresedure gescribed
00/ 02929 belo PCT/ EP99/ 04722
restriction, oY the section 3, connecting the riser 1 to the separator 4,

has a snal | &1 Mi/@6sHot addideh sfdRricdl Pafticle fobh WakEprépa€T asldaabibddnia exampledd of
forma sharﬁsangl e. In order to provide a better understandi ng of the

i nvention tHEPMei9%iMnbutconsrasing st 3,080 rpmoinstead ofh! G0k ghe adduetowas partially
i|lustrati | d_shal t.b . ohi Mt at ] f th
ovent | on - SkoRRRE Nt pOPRRRG feoBiantts BRAMIILS0 R0:C Ptrafthe iolophc
accordi ng t gt uhl &%@Hﬂx/fg@!zmdséddw {va$ OBRineE [nVh B lird M Eqdippll wmhhod
E. Melt index F (MF): ASTMVD'1238 method F. Melt index L (ML): ASTMD

1238 met hodcandenmsr pud afmeshaniod pg{tRioEere intiodudsd; weden anmitroganmensfent: @ddmbef t
| ndex F. Defﬁfl} Wt Gaé-l\_ﬂl\ﬁxfe): a7g?t221ﬁng were added 25 g of partially dealcoholated adduct. It was then

heated up to 100°C in 1 hour, when the temperature reached 40°C diisobutylphtalate (DIBF)
was added in a molar ratio Mg/DIBF=8. The temperature was maintained at 100°C for 2

hours, it was then left to decant and afterwards the hot liquid was siphoned off. 550 m! of
TiCl, were added and it was heated to 120°C for 1 hour. Finally, it was left to settle and
liquid was siphoned off while hot; the residual solid was washed 6 times with 200 ml
aliquots of anhydrous hexane at 60°C and 3 times at room temperature. The solid was then
dried under vacuum. A spherical catalytic component was obtained having a Ti content by
weight 0f 2.2% and a DIBF content by weight of 6.8%.

Such catalyst component was used with dicyclopentyldimethoxysilane as external donor and
with triethylaluminium (TEAL). The molar ratio TEAL/Ti was 250; the molar ratio
TEAL/external donor was 9. The recirculated gas was completely reintroduced through line
10 except a minor amount recirculated through line 9 to carry the circulating polymer
through section 5. The temperature throughout the reactor was kept at about 65°C and the
pressure at about 18 bar.

Other operative conditions and the characteristics of the produced polymer are indicated in
Table 7.
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Fl exural elasticity nodulus (MEF): the sanples were nucleated with talc .
0.85 wt. %in exanples 1 to 34; with "MI|lad 3988" 0.16 wt. % in exanple
44; not nwad eoad2ezb i N exanpl e 45; the tests were carried oulPCREPIVMTRE t o
ASTM D- 790. Hardness "shore D': 1SO 868. Insolubility index: in xylene at
25 [err]C Intrinsic viscosity (I.V.): in tetrahydronaphtal ene at
135[err]C. The differential scanning calorinmetry (DSC) neasurenents have
been carried out on a DSC- 7 apparatus of Perkin Elmer Co. Ltd., according
to the follow ng procedure. About 10 ng of sanple are heated to 180[err]C
e

w th a scanni : SR e—tRe—6 He—i-sTept at
180[err] C for| 5 m_nut 4s g]d hqr aéeroigg Ll {sqannln speed
equal to 10[ ¢ ] (818 |E18eS |\S&IS18 |S 1SS |88 |2 S|&d8|318[Saccor di ng
to the sane a NG SPE 3 7 B MU ES] S 4 CHE B RIURIAIR p2 |t hose |
obt ai ned in tlhe setond gcanhiind. |Ppl ydi 4pér (A 1)) | thils property
Is strictly clonngcted |Wjth e [mpr ecpTlarf e (1 put ifom pf| tjhe pol yner .
under exam nafi ofg|d I [BAL]d AL b 1w |Sld Ny Wl lededd |4t he creep
resistance of |8 heS RIVEIR R 1= IS8 | B Sk 150E 18R 1R]aM8 R |Fal | ed
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RVS- 800 rmar kef ed |b E,cJMETgL%,,,y‘ R4 palcasdillde i Icon
N hocd - s{en bl el N -2 iR 3]
frequency whigh i n¢sRaSHS I RIDR |B|E | S bl b gg‘cmg_mN dul us
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B

~Wherein G is the storage nodulus and G' is the | ow nodul us. General

. procedure Polynerisations were carried out under continuous conditions in a
pl ant conpri sygg@oas phase pol yneri sati on apparatus of the BGIEPISRE | N
figure 1. The catal yst was sent to the gas phase pol ynerisati on apparat us.
The latter conprised two cylindrical reactors, riser 1 and downconer 2,

i nterconnected by sections 3 and 5. Fast fluidisation conditions were
established in reactor 1 by recycling gas fromthe gas-solid separator 4

t hrough recycle line 6 (equipped with a conpressor 7 and a heat exchanger

8) to a point 9 at the beginnjng of section and optionally, partly
through line 10 to the bot|ton) of {r ¢aftjor }8 he catal yst, prepol ynerised
with propyl ene, was introdBcettsigiBeiB18|818(&2. Make-up nononers and
hydrogen as nol ecul ar wei diit [@qUP gs:wzr;eé’ed through line 13. A gas
stream (barrier feed) was |fed]tlo|tihe|rledciof ft hrough Iine 15 in the
operative exanples, wth tfmeeExcdptTprrqf{tE conpari son exanpl es, where
such barrier feed was not |prepgntl.|INne gcg,.l,g:ed pol ymer was conti nuously
di scharged through line 11& T ﬁﬁ@/‘ ge I&er exiting the downconer 2 was
controlled by a Q ball val e evayed by T"j'éts stream taken fromrecycle
stream 9. Unl ess otherw sq_sppgcl fli ¢df tihg ‘|bbrkier feed" is intended in the
gas state. The quantity of} po| yiagg, tr;emci ricyl htled in the apparatus during the
tests was conprised betweqg 530§.ﬁ$§_$§§h. Exanples 1 to 11
(polymerisation of propyl gne)| |™qppar gt ys|als descri bed above was utilised
to polynerise propyl ene. Hotnjrfi3e njd|d Coner had a nom nal dianeter DN
100. The catal yst enpl oyedzscoy,] sk Jatalyst conponent prepared with the
procedure described in EP | 7/g=18% |2 s@oil, and triethyl al uni ni um
(TEAL) in a nolar ratio TH&L/[F| qf [2B0] The|Teci rcul at ed gas was conpletely
rei ntroduced thréigh |inejo_The lténperdtdre ¥ hroughout the reactor was
kept at about 80§err]c and the| gr ¢s sul; at } apout 30 bar. Ot her operative
condi tions and thg charactgi 2 s Qg idie|qiPduced polyner are indicated in
Tabl e 1. S .
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Exanples 12 to 19 (polynerisation of propyl ene).
above was utilised to polynerlse propylene

00/ 02929 WO 00/02929
downconer

had a nom nal
catal yst conmponent prepared as described in EP A 728 769,

di aneter.

Both ris

46 to 53. Such catal yst conponent was used with

di cycl opent yl di met hoxysi | ane as ext ernal

er

An apparatus as descri bed
and 17

WO

PCPCTHRPSY/6¥252 2
DN 100. The catal yst enpl oyed conprised a

exanpl e 5,

i nes

donor and vvith triet hyl al um ni um

(TEAL). The nolar ratio TEAL/ Ti was 280; the nolar r ext er nal
donor was 8. The recircul ated gas was conpletely rei %rcgm@l t hrough |ine
9. The tenperature throughout the reactor was kept a;att}yt [err]C and
the pressure at about 30 bar. Qther operative condit|ons “an:T' he
characteristics offthe—prpaduges—pe] yner are indi cat eff FapHe 1. Exanpl es
20 to 25 (pol ynerilgation aj gj;g dEene). An appar at us|-s des*ri bed above was
utilised to pol yng& @els(The riser had a noﬂlﬁ met er DN 150,
t he downcomer had 1 ameter DN 100. The cat ﬁ@g el oyed was
prepared as descri rerflor—expnpl es 12 to 19. The recifclul ated gas was
reintroduced throd 4. leXgept a mnor anmount r ;g:i rfcul ptjed t hr ough
line 9 to carry th 0] yner through sect|®n § e tenperature
t hr oughout the rea py=¢t| about 80 [err]C afig tlee [Frlessure at
about 32 bar. O heg fitions and the chafactleriktlics of the
produced pol ynmer 4 hits[Table 1. Exanples 6 tig 3¢
(pol ynerisation of T Rappar at us as descr §>ec§‘nab3&/e was utilised
to pol ymerise prof had a nom nal di apst-g¢ H200, the
downconer had a ngm t¢r | ON 100. The catal ys{geqpl oydd was prepar ed
as described above &48F2| to 19. The recircih&l8dElghs was
olo|e Y'\’:«E g P
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et T oo

7

“reintroduced through line 10 except a m nor anmount recircul ated through
line 9 to carry the circul ating polyner through section 5. The tenperature

t hr oughout t Rgp bpeeetnr was kept at about 85 [err] C and t he priSSEFS/08122

about 30 bar.

O her operative conditions and the characteristics of the

produced polymer are indicated in Table 1. Exanples 35 to 38 (hono- and

copol yneri sati on of ethyl ene)

An apparatus as descri bed above was utilised
to polynerise ethylene and to copol ynerise ethylene with butene.

Both riser

and downconer had a nominal dianeter DN 100. The catal yst enpl oyed was

prepared as descri bed above for exanples 1 to|1l. The |regircul ated gas was
rei ntroduced t hr ough—-+nre—0—exeenpt a m nor ahount rlel® ¢cul ated t hrough
line 9 to carry thejcirc |°£<t>i ng <pol ymer throu sectiisgf® b. Make-up ethyl ene
was fed through ling¢ 13 gpﬁ 1 nor anount [fed difr ¢t y into the
downconer. The tenpésat ufgiThEotighout the rea kept at about 85
[err]C and the presglire at jagout 25 bar. O hef conditions 18
WD 00/ 02929 E : PCT/ EP99/ 04722
and the characterisfics ¢f [The gcbduced pol ym i cated in Table 2.
Exanpl e 39 (Preparaffion ¢f [2a B ¢Rd of propyl el rer and et hyl ene
nodi fi ed pol ypropyl ¢nej-. pparatus as descyi was utilised to
pol yrmeri se propyl enegand ; g):[%y nerise prop bt hyl ene. The ri ser
had a nom nal di anefgr S {hge downconer [ hl  di ameter DN 100.
The catal yst enpl oy¢ pated as descri bgd abovle igg exanples 12 to
19. The recircul ated gas |@ kelntir oduced throggh |inej<ld except a m nor
armount recircul atedEhrodgh™I[Fhe”9 to carry tHe—eireHat{ng pol ymer through
section 5. The t enpgratore throfrgiout the reagtor wals i§“e)t at about 80
[err]C and the presgfre agjabout 30 bar. O he §opera1tf_nge conditions and the
characteristics of tﬁeg pri B4R |Bal yner are ifgi cated n
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Table 3. Exanples 40 to 42 (polynerisation of propylene).

pr opyl ene,

positi on oWQ d#2B29at exchanger,
had a nom nal diameter DN 200,

The catal yst enpl oyed
in EP A 728 769, exanp
used with dicycl openty
triethylalumnium (T
TEAL/ ext er nal

through Iine 10 exceptisa

the circul ating polyne
reactor was kept at ab
except
the possibility of usi
fractionating colum t
liquid state and it co
broad MAD pol yner, the
| ow. Ot her operative c
pol ymer are indicated
pr opyl ene honopol yner
above-nenti oned produc
except for the positio
10. The riser had 19
PCT/ EP99/ 04722

Table 6

donor wa

in exanple 42 w

an apparatus as descri bed above was utilised,

To pol yneri se
except for the

whi ch was now pl aced on | i nECTEPIW&F2Y | ser

t he downcomer

had a nom na

di ameter DN 100.
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cat al yst conpomgent—Tr¢pared as descri bed
46 to 53. Such|catallg conponent was
{1 ane as externags don@i8and with
: ar ratio TEAL/ Tif2was ] the nolar ratio
. oo} , .
S 8. Ine pec¢ircul ated gas Was—Ttymptgtel y rei ntroduced
m narg flampunt reci rcul at ¢ threM? line 9 to carry
= t hr o section 5. The tezperaEJ t hr oughout the
Ouig 85 [&rr]C and the presgurg gt jabout 26 bar,
['B8e i t|;ayas|kept at about :rgj)are\om order to verify
@%f he ;qge part of the dq oneiN? as a
Te—parrier—1 eed was i ntrodyE ;ch lently in the
ai ned 1% by nol. of hydrg¢gen. || fmrder to produce a
ghydrog§n§boncentration i nj@he dpﬂg:oner must be very
onartignsf and the charact efrstTgsto{ the produced
=N Tablle | | Exanpl e 43 (Pré¢pa atji pnjof a bl end of
he—etHyH@re nodified pol ypEdbyllghe). To prepare the
|, zan gfdar at us as descri b¢fl @bgge \as utilised,
. I o .
e @f thg@eat exchanger, LCim Wwes mow pl aced on |ine
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a nom nal di ameter DN.200,—the—downconer had a nominal dianmeter DN 100. The
cat al yst enpl oyed conpri sed 1 Ak gconponent prepared as described in
EP A 728 769Waomazpdoe SL“ ﬁ“ﬂ;ﬁﬂg@“&“[ Such catal yst conporROT/ERS473Z ed
wi t h di cycl opentyl di met g external donor and with

triethylalum nium (TEAL). The nolar ratio TEAL/Ti was 110; the nolar ratio
TEAL/ ext ernal donor was 8. The recircul &lefiMSs was conpl etely reintroduced

h h Ii 1 I . ECi lL.ated t.h h Line.9
the ol rcul att b T o SRR inaiaion i &4 Efisd fded ob0in ableflhe’
reactor was kepferéinnd&ed poymdrdatidd- Ahek, 1the fRb&SS WospisingD fidHing 0o lor hfﬁbﬁ

barrier feed was introduced into the upper part of the downconer in the
liquid state. Wohemenspler said \polymerisation zonesnth thee preisencecofe catalysic unddr rehetion

bl end of o craerioD b efifieEfe RRniyine ot S id RelvpsF SioR Aones, g which
prepare the abs¢gestRRE zRAAAL POIPAIEE bartioles MORAHFRV4E tduglesnd bPSRd PoR YRR Ton

utilised, except for the position of the heat” exchanger, which was now
pl aced on |inezorgs (rfiser) nndesrfastfnidisation eratransparveonditions, deave sakd risesvandoenser

had a nom nal dianeter DN 100. The,catal yst, e oye onpri sgd a cata t
conponent pre pg}oglber &8 fy&&’é’%tf%e@nF Ed(’éﬁmﬂ“%ééh’f’g'gf" MF@S‘F ‘ﬁ%‘ﬁ%n‘{% ag’:} .
Such catal yst S@SROSEBFaviYgsS 18496 ki UBwHESHG' SRE Rt kdhEGduReX Yisidol BREri&S, thus
external donor and with triethylalumnium (TEAL). The nolar ratio TEAL/Ti

was 105; the nestablishingjaccircalation of pelymier beiwsen teesti®r afith ther dawnoonientthel prpmsss
was conpl etely, r.ei pt poduced. t hr ou |ine 10 except a m nor anount

recircul ated th?%ﬁﬁﬁﬂ#@x@‘. sec@gﬂ%t.t he circul ati ng pol ynmer through
section 5. The-tenpemainsLe PvaﬁéﬂWéh hfeRap£AE bPfotMBSorRipial Bt préti@iting the gas
70[err]C and the pressure at_ about 24 bar. The barrier fTeed was introduced

into the upper pamiixire prggendbyihe siserfrqoy entpring thgdowngemereand n t hi s exanpl e

the barrier feed (pr lated to allow a.gnor .anount of .t he
et hyl ene cont ai ni ng Eggésg %ﬁ?&éﬁﬁ‘?ﬁ%ﬁ%ﬂgg 859%8?‘&1?9 S{ﬁe;'e tﬁ?f’b&?ﬁgsml@m
downconer to ent emprdskmt ib #ietriser isThuslueepintpthe doencapal ynmer was produced in

t he downconer wth a snmaller anount . . L.
2. The process according to claim 1, wherein the introduction into the downcomer of the

said gas and/or liquid mixture having a composition different from the gas mixture
present in the riser is effective in preventing the latter mixture from entering the
downcomer.

3. The process according to claim 2, wherein the introduction of the gas and/or liquid
mixture of different composition into the downcomer establishes a net gas flow upward
at the upper limit of the downcomer.

4. The process according to claim 2 or 3, wherein the introduction of the gas and/or liquid
mixture of different composition into the downcomer is effected through one or more
introduction lines placed into the downcomer,

5. The process according to claim 4, wherein said one or more introduction lines are placed
at a point close to the upper limit of the volume occupied by the densified solid.

6. The process according to claim 1 or 2, wherein the gas and/or liquid mixture having a
composition different from the gas mixture present in the riser is introduced into the
downcomer in partially or totally liquefied form.

7. The process according to claim 6, wherein said partially or totally liquefied mixture is
sprinkied over the upper surface of the bed of densified polymer particles.
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of bound ethyl ene th {n the riser. Qther operative
conditions and the ci‘&“‘ﬂ”ﬂ“ﬂﬁ“ﬂﬁ&l'the produced polyner are indicated in
Tabl e 6. BEXNONGH029295 (Frepar ati en o©f =& bl end of propyl ene hoROPEPYIMET22and
et.hyl ene nodi fied pol ypropyl ene "soft grade"). 20 WO 00/ 02929

PCT/ EP99/ 04722 To prepare the above-nenti oned product, an apparatus as

descri bed &bdhe muacesstaccoming teelaimt 11 e 2¢ wéhepinimprsnthan enee dhwacomers are

h . W . . ' The ri . _ inal
i anetor o BoBeiBe BEYIBlsRE e AR HoRE e teer Bk RGeS e Bra s
enpl oyed congfithe d8wacsinérs, while HOMP @R doivhediaérey) the idhullativt dfaldgasthiieaeur e

descri bed bel ow. A My/al cohol adduct in spherical particle formwas
prepared as ia®sapittedd i n exanple 2 of USP 4, 399, 054, but operating at 3,000

et cnsi -« Dhe, AP AP 4B ShAm A7 SRR, Bid nlBR | AR, Rike® pivll
current untidonipdsitions MEérbstr dnhorig theimCeeidCAlso\aiffepdtit Frone ghe tdinposttidn bf thefgadsk.

equi pped with a condenser and a nechanical agitator were introduced, under
a nitrogen ciixtasepresentsinthe gyer wredeq & e diffgrentidommicomersi | e agi t'ati ng were

added 25 Lal h tep | then heated up tg

L0or e -7 o0 Biddel blos8Rk 387 0hBL 52 UB. e g Bk b ol o
di i sobut yl phicnsitseoficBhBbhentebavanitiditfeient folanlieant Pait>f it BbiapreSsed Had cooled
tenperature was nmai ntained at 100[err]C for hours, it was then left to

decant and alotRarthaeensenseethediquid paut thuselbiained heing sensto theglogvnepmer. Ti Gl [err]
dd i Q.12 . o Finall Yo it Jeft
U cert o Lnfs blociBchiiuite il Silehoin o6 seda Bakhndhle dteiering in 1R ise?

washed 6 ti neomtains byd6genrl al i quots of anhydrous hexane at 60[err]C and 3

tinmes at rqQomtenperature, The _solid was .then |, .
18. 'ﬂe p{gg:ess according to claim 10, wherein the said gas-mixture circulating in the riser

=S

contains ethylene, propylene and optionally an inert alkane.

13. The process according to any of claims 10 to 12, wherein the upper part of the
downcomer is used as a stripping column to remove the most volatile component(s) from
the liquid fed to the downcomer, the said component(s) being made to flow upwards.

14. An apparatus for the gas-phase catalytic polymerisation comprising a first vertical reactor
(1), a second vertical reactor (2), the upper region of said reactor (1) being connected by
a connecting part (3) to a solid gas separator (4), which is in turn connected to the upper
region of said second reactor (2) the lower region of said second reactor (2) being
connected to the lower region of said first reactor (1) by a connecting part (5) said
solid/gas separator (4) béing connected through a recycle line (6) to one ore more points
of reintroduction into said connecting part (5) or into said reactor (1), said apparatus
having a line (12) for catalyst feeding into said reactor (1), a polymer discharge system
(11) from said reactor (2), a line (13) for feeding monomers, the said apparatus being
further characterised in that it comprises a line (15) for feeding gas or liquid into said
reactor (2). ' '

15. The apparatus according to claim 14, wherein the line (15) for feeding gas or liquid into
said reactor (2) is placed in the upper part of said reactor (2).

16. The apparatus according to claim 13 or 14 comprising a line (18) connecting the recycle

line (6) to a condenser (19), connected to the reactor (2) through the line (15) for feeding
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dri ed under vacuum A sphe‘rT’ca’I“E_é_tﬂal_ytlc conponent was obt ai ned having a

Ti content by weight of 2.2%yand mﬁ“ ent by weight of 6.8% Such
cat al yst compgygombezsas used|Kill \m\ yl di met hoxysi | anecaeybeenal

donor and with triet hyI al um mium ("I'EAIL) The nolar ratio TEAL/ Ti was 250;
the nolar ratio TEAL/ external donor was 9. The recircul ated gas was

conpl etely rei pas oeuR@ill b abeBaili fegctdd (Hxarpback Wi e (@nmmighrﬁﬂné(?ﬁ%b}i&'ﬁd
through line 9 to carry the circulating polynmer through section 5

t enper at ure thﬁe@lﬁj%tﬁﬁsqshe reactor was kept at about 65[err]C and the

pressure at 4 .

characteri st | cS o?é]pgf]e pr oduc O%ﬂ&aﬂ &zlrsg%%.sing‘%%@ﬁsﬁ_gﬁngc@g tbf ’ecy"\ﬁo
00/ 02929 line (6) to a condenser (19) connected to a separating vessel (22) connected to the
PCT/ EP99/ 04722 [ er r} WO 00/ 02929

PCT/ EP99/ 0472 2repetpr {2) thropgh @y bpo 61f) for feeding gas or liquid into the said reactor (2) and
PCT/ EP99/ 047220 [ &1 Jine (6) through a line (20) for recycling gases.

18. The apparatus according to claims 16 or 17, wherein the line (15) for feeding gas or

liquid into the reactor (2) is equipped with an heater (24).

19. The apparatus according to claim 14, wherein the upper part (25) of the reactor (2) has a
larger diameter than the rest of the reactor.

20. The apparatus according to claim 14, wherein the exit from the riser (1) is shaped as a
sudden restriction.

21. The apparatus according to claim 14, wherein the section (3), connecting the riser (1) to
the separator (4), has a smaller diameter than the riser (1).

22. The apparatus according to claim 14, wherein the riser (1) and the section (3) form a

sharp angle.
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PCT/ EP99/ 04722 [err] WO 00/ 02929

PCT/ EP99/ 04722 [ err WO 00/ 02929

PCT/ EP99/ 047‘9“‘%9333 1. A process for the catalytic pol ymerfSHEPBMTR ¢ he
gas-phase carried out in at |least two interconnected pol ynerisation zones,
the process conprising feeding one or nore nononers to said pol ynerisation
zones in the presence of catalyst und?r¢q§action conditions and coll ecting
t he pol yner product from said pol yneri%ation zones, in which process the
growi ng pol yner particles flow upward through one of said polynerisation
zones (riser) under fast fluidisation or transport conditions, |eave said
riser and enter another polynerisation zone (downconer) through which they
fl ow downward under the action of gravity, |eave said downconmer and are
reintroduced into the riser, thus establishing a circulation of polyner
between the riser and the downconer, the process being further

characterised in that: - means_arge provided which are capabl e of
totally or partially preventing tb€=§} 'xl]ﬁe present in the riser from
entering the downconer, and - ame=er | iquid m xture having a

conposition different fromthe gas m xture
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present in the riser is introduced into the dowconer. 2. The process
according to claiml1l, wherein the introduction into the downconer of the
sai d gas angjoebé2gui d mi xture having a conposition differeRCTEPBHIIRe gas
m xture present 1n the riser is effective in preventing the latter m xture
fromentering the downconer. 3. The process according to claim2, wherein
the introduction of the gas and/or quuggvri ture of different conposition
into the downcomer establishes a net ga oW upward at the upper limt of
t he downconer. 4. The process according to claim2 or 3, wherein the

i ntroduction of the gas and/or liquid m xture of different conposition into
t he downconer is effected through one or nore introduction |ines placed
into the downconer. 5. The process according to claim4, wherein said one
or nore introduction lines are placed at a point close to the upper limt

of the volume occupied by the densified solid. 6. The process according to
claim1l or 2, wherein the gas and/or liquid m xture having a conposition
different fromthe gas m xture present in the riser is introduced into the
downconer in partially or totally quyﬁ*?@f n . The process accordi ng
to claim®6, wherein said partially or gl | €0 M Xture is

sprinkl ed over the upper surface of the bed of densified polyner particles.
27 WO 00/ 02929

PCT/ EP99/ 04722 8. T e t han

one downconers are frovided, the gas m xturefarriving fromthe riser being
prevented to enter gnly into sone of the dowidconers, while in the othe¢r
downcorer (s) the cirjculatign of said gas_m xtjure is permtted.

[ 7 AN Y;
4’ju<- |

o Y

T" 14

NN
R

AN

<9_J>._>/
]
P
Uy
o
® .
-~

3
)

\\\\\\\\\‘?3\\\\\\\\\
7




9. The process according to claim8, wherein gas and/or liquid mxtures
havi ng conpositions different anong them and al so differentP%§B$%#&@22
conposi ti orw@bo/ed9® gas nmi xture present in the riser are fed™ A

di fferent downconers. 10. The process according to claim®6, wherein the
gas-m xture circulating in the riser co 's‘asof conmponent s havi ng
different volatility and part of it is ggiq( sed and cooled to partly
condense, the liquid part thus obtained being sent to the downconer. 11.
The process according to claim 10, wherein the said gas-m xture circul ating
in the riser contains hydrogen. 12. The process according to claim 10,
wherein the said gas-m xture circulating in the riser contains ethyl ene,
propyl ene and optionally an inert al kane. 13. The process according to any
of claims 10 to 12, wherein the upper part of the downconmer is used as a
stripping colum to renove the nost volatile conponent(s) fromthe |iquid
fed to the downconer, the said conponent(s) being nade to flow upwards. 14. ~

An apparatus for the gas-phase cat%F:ﬁviégiyner' ation conprising a first
vertical reactor (1), a second vertical crow=2) ., the upper region of
said reactor (1) being connected by a connecting part (3) to a solid gas
separator (4), which is in turn connected to the upper region of said
second reactor (2) the |lower region of said second reactor (2) being
connected to the |ower region of said firsf reactor (1) Dy a connetling
part (5) said solid/gas separator (4) being connected through a recycle
line (6) to one ore nore points of reintrogluction into said connectifng part
(5) or into said reactor (1), said par gttrsyhavigng a line (12) for
catal yst feeding into said reactor'?'), polpymef” di scharge system (11)
fromsaid reactor (2), a ling~ i g nononers, the said apparatus
being further characterised yn that it conprilses a line (15) for fedding
gas or liquid into said reacfor e japparatus according to{claim
14, wherein the line (15) for fﬂ liquid into said reactqr (2)
is placed in the upper part pf 9

according to claim13 or 14 ponygri

2). 16. The apparatus
ng (18) connecting the rdcycle
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line (6) to a condenser (19), connected to the reactor (2) through the line
(15) for feeding 28 WO 00/ 02929

PCT/ EP99/ 04¢003$290" liquid into the said reactor (2) and FPSEEPIY04TRhe (6)
through a Iitne (20) for recycling gases. 17. The apparatus according to -
claim14 or 15 conprising a line (18) connecting the recycle line (6) to a
condenser (19), connected to a separ%nkg vessel (22) connected to the
reactor (2) through the line (15) fo ing gas or liquid into the said
reactor (2) and back to line (6) through a line (20) for recycling gases.
18. The apparatus according to clains 16 or 17, wherein the line (15) for
feeding gas or liquid into the reactor (2) is equipped with an heater (24).
19. The apparatus according to claim 14, wherein the upper part (25) of the
reactor (2) has a larger dianeter than the rest of the reactor. 20. The
apparatus according to claim 14, wherein the exit fromthe riser (1) is
shaped as a sudden restriction. 21. The apparatus according to claim 14, :
wherein the section (3), conne e rger (1) to the separator (4), has
a smaller dianmeter than the rj : e apparatus according to claim
14, wherein the riser (1) and the section (3) forma sharp angle. 29
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(57) Abstract

A process for the gas-phase catalytic polymeri-
sation caned out in two interconnected polymerisation
zones, to which one or more monomers are fed in the
presence of a catalyst under polymerisation conditions
and from which the produced polymer is discharged.
The growing polymer particles flow through 2 first poly-
merisation zone under fast fluidisation conditions, leave
said first zone and enter a second polymerisation zone
through which they flow in a densified form under the
action of gravity, leave said second zone and are reintro-
duced into the first polymerisation zone, thus establish-
ing a circulation of polymer between the two polymeri-
sation zones. The present invention is characterised in
that a gas of composition different from that present in
the first polymerisation zone is introduced into the sec-
ond polymerisation zone and it is avoided that the gases
present in the first polymerisation zone are introduced
into the second polymerisation zone. The process is par-
ticularly suited for obtaining in—reactor made blends of
olefin polymers having different compositions.




