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PROCESS FOR START-UP OF A MULTIZONE CIRCULATING REACTOR

FIELD OF THE INVENTION

[0001] The present disclosure provides processes for starting a gas-phase olefin polymeriza-
tion reaction for producing a particulate polyolefin by polymerizing one or more olefins in a multi-
zone circulating reactor. The present disclosure further provides processes for polymerizing one

or more olefins in a multizone circulating reactor

BACKGROUND OF THE INVENTION

[0002] Polymerizing olefins in multizone circulating reactors allows for the production of olefin
polymers with a high productivity per unit volume of the reactor and with a high flexibility in the
composition of the resulting polymers. Such multizone reactors are, for example, described in
WO 97/04015 A1 and WO 00/02929 A1. WO 2005/019280 A1 describes polymerization pro-
cesses comprising a combination of at least two gas-phase reactors, where at least one of the
gas-phase reactors is a multizone circulating reactor. Multizone circulating reactors are gas-
phase polymerization reactors in which the growing polymer particles flow upward through a first
polymerization zone (riser), leave said riser and enter a second polymerization zone (downcomer)
through which the growing polymer particles flow downward in a densified form, leave said down-
comer and are reintroduced into the riser, thus establishing a circulation of polymer between the
riser and the downcomer. The gas employed for transporting the polymer particles in the riser is
separated from the polymer particles in the upper part of the multizone circulating reactor, recy-
cled through a recycle gas line equipped with a compressor and a cooling unit for removing the

heat of polymerization, and then re-used as transporting gas in the riser.

[0003] The industrial production of polyolefins is usually carried out in continuous operation.
That means, the input materials such as monomers, catalysts and polymerization additives are
continuously introduced into the polymerization reactor and the obtained polyolefins are continu-
ously withdrawn from the polymerization reactor. When market conditions require that different
polymer grades are produced, the polymerization is transitioned from one grade to another, how-
ever without interrupting the polymerization. In order to be able to carry out certain maintenance
or cleaning operations, it may nonetheless sometimes be needed to stop the polymerization reac-

tion.

[0004] For re-starting the polymerization in gas-phase polymerization reactors such as fluid-
ized-bed reactors, it is common practice to first introduce into the reactor a pre-prepared "seed
bed" or "charge powder" of polyolefin particles and then to initiate the polymerization in the pres-
ence of such a bed. Another option is to start the gas-phase polymerization with an empty reac-

tor, i.e. with a reactor that does not contain any polymer particles. This has the advantage that no
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facilities for storing seed bed polymers need to be provided. However, when starting a gas-phase
reactor with an empty reactor, it has to be ensured that the small particle size catalyst particles
are not entrained with the recycle gas into the recycle gas system and that the heat of polymeriza-

tion is removed in order to avoid temperature raise with subsequent chunk formation.

[0005] There is accordingly a need to provide a process for starting a gas-phase olefin
polymerization reaction in a multizone circulating reactor olefin polymerization process which
avoids carry-over of fine particles into the gas recycle system and which avoids formation of

chunks.

SUMMARY OF THE INVENTION

[0006] The present disclosure provides a process for starting a gas-phase olefin polymeriza-
tion reaction for producing a particulate polyolefin by polymerizing one or more olefins in a multi-

zone circulating reactor,

wherein the multizone circulating reactor comprises

- a vertical first reactor zone and

- a vertical second reactor zone, which is equipped with a throttling valve at the bottom, a
line for discharging polymer, and, in the upper part, means which allow measuring the
level of a settled bed of polyolefin particles into the second reactor zone, and

- the upper region of the first reactor zone is connected with the upper region of the second
reactor zone by a first connecting part and

- the lower region of the second reactor zone is connected with the lower region of the

first reactor zone by a second connecting part; and

wherein the multizone circulating reactor further comprises

- a gas recycle line, which is equipped with a compressor and a heat exchanger for removing
the heat of polymerization and which connects the top of the first reactor zone, the top of
the second reactor zone or the first connecting part with at least

- a riser gas introduction point for feeding a riser gas at the bottom of the first reactor zone,

- a dosing gas introduction point for feeding a dosing gas into the second reactor zone above
the throttling valve; and

- optionally a transport gas introduction point for feeding a transport gas to the second
connecting part at the end of the connecting part, which is connected with the lower region

of the second reactor zone,

comprising the steps of
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providing an multizone circulating reactor being filled with a reactor gas at a pressure from

0.1 to 20 MPa and a temperature from 20 to 200 °C and containing no polyolefin particles,

conveying the reactor gas from the top of the first reactor zone, the top of the second reac-
tor zone or the first connecting part through the gas recycle line to the riser gas introduction
point, to the dosing gas introduction point and optionally to the transport gas introduction

point;

feeding a particulate material comprising a polymerization catalyst and optionally polyolefin

into the multizone circulating reactor;

controlling the gas flow in the second reactor zone by adjusting the opening of the throttling
valve and the flow rates of the gas fed to the riser gas introduction point, to the dosing gas
introduction point, and optionally to the transport gas introduction point so that the upwards
gas velocity in the bottom part of the second reaction zone is lower than the terminal free-

fall velocity of the particulate material fed into the multizone circulating reactor;

optionally feeding one or more olefins to the multizone circulating reactor and reacting the

one or more olefins in the presence of the polymerization catalyst to polyolefin;

feeding, with a closed polymer discharged line, one or more olefins or a particulate material
comprising a polymerization catalyst and polyolefin or one or more olefins and a particulate
material comprising a polymerization catalyst and polyolefin into the multizone circulating
reactor until the weight of the particulate polyolefin in the second reactor zone is higher
than the drag force of the upward moving gas and a settled bed of polyolefin particles

forms;

thereafter, controlling the circulation rate of the polymer particles within the multizone circu-
lating reactor by adjusting the opening of the throttling valve and adjusting the flow rate of
the dosing gas, optionally discharging polyolefin and controlling the feeding rates of the one
or more olefins and the particulate material comprising a polymerization catalyst and poly-
olefin into the multizone circulating reactor and the rate for the optional discharge of the
produced polyolefin in a way that the combined amounts of introduced polyolefin and ole-
fin(s) are higher than the amount of discharged polyolefin until the level of the settled bed of

polyolefin particles reaches the upper part of the second reactor zone;

thereafter, controlling the circulation rate of the polymer particles within the multizone circu-
lating reactor by adjusting the opening of the throttling valve and adjusting the flow rate of
the dosing gas, discharging polyolefin and controlling the feeding rates of the one or more

olefins and the particulate material comprising a polymerization catalyst and polyolefin into
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the multizone circulating reactor and the discharge rate of the produced polyolefin in a way
that the combined amounts of introduced polyolefin and olefin(s) are balanced with the

amount of discharged polyolefin.

[0007] In some embodiments, the first reactor zone is a riser, in which growing polymer parti-

cles flow upwards under fast fluidization or transport conditions.

[0008] In some embodiments, in step d) the upwards gas velocity in the first reactor zone is
higher than the terminal free-fall velocity of the particulate material fed into the multizone circulat-

ing reactor

[0009] In some embodiments, the first reactor zone is a reactor zone, in which the polymeriza-

tion occurs in a fluidized bed of growing polymer particles.

[0010] In some embodiments, in step f), a liquid hydrocarbon which vaporizes under the condi-

tions within the second reactor zone is fed into the second reactor zone.

[0011] In some embodiments, the particulate material comprising the polymerization catalyst
and optionally polyolefin is fed into the lower part of the first reactor zone or into the second con-

necting part.

[0012] In some embodiments, the throttling valve is a butterfly valve.

[0013] In some embodiments, the reactor gas comprises one or more alkanes having from 1 to
10 carbon atoms and the amount of alkanes having from 1 to 10 carbon atoms in the reactor gas

is from 30 to 99 vol.%.

[0014] In some embodiments, the particulate material is a pre-polymerized polymerization cat-

alyst.

[0015] In some embodiments, the multizone circulating reactor is part of a reactor cascade.
[0016] In some embodiments, the particulate material comprising the polymerization catalyst is
a polyolefin produced in a polymerization reactor arranged upstream of the multizone circulating

reactor.

[0017] In some embodiments, the polymerization reactor arranged upstream of the multizone

circulating reactor is a fluidized bed reactor.
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[0018] In some embodiments, the polyolefin is an ethylene polymer prepared by homopoly-

merizing ethylene or copolymerizing ethylene with one or more comonomers.

[0019] In some embodiments, the polyolefin is a propylene polymer prepared by homopoly-

merizing propylene or copolymerizing propylene with one or more comonomers.

[0020] In some embodiments, the present disclosure provides a process for producing a poly-
olefin by polymerizing one or more olefins in a multizone circulating reactor, wherein the polymeri-

zation reaction has been started by a process as described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Figure 1 shows schematically a multizone circulating reactor for carrying out the pro-

cess of the present disclosure.

[0022]  Figure 2 shows schematically reactor cascade comprising a multizone circulating reac-

tor for carrying out the process of the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION

[0023] The present disclosure provides a process for starting a gas-phase olefin polymeriza-
tion reaction for producing a particulate polyolefin by polymerizing one or more olefins. Olefins
which may be employed in the process of the present disclosure are especially 1-olefins, i.e. hy-
drocarbons having terminal double bonds, without being restricted thereto. Suitable olefins can
be functionalized olefinically unsaturated compounds such as ester or amide derivatives of acrylic
or methacrylic acid, for example acrylates, methacrylates, or acrylonitrile. Preference is given to
nonpolar olefinic compounds, including aryl-substituted 1-olefins. Particularly preferred 1-olefins
are linear or branched C»-C12-1-alkenes, in particular linear C»-C1o-1-alkenes such as ethylene,
propylene, 1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, 1-decene or branched C»-C1o-
1-alkenes such as 4-methyl-1-pentene, conjugated and nonconjugated dienes such as 1,3-butadi-
ene, 1,4-hexadiene or 1,7-octadiene or vinylaromatic compounds such as styrene or substituted
styrene. It is also possible to polymerize mixtures of various 1-olefins. Suitable olefins also in-
clude ones in which the double bond is part of a cyclic structure which can have one or more ring
systems. Examples are cyclopentene, norbornene, tetracyclododecene or methylnorbornene or
dienes such as 5-ethylidene-2-norbornene, norbornadiene or ethylnorbornadiene. |t is also possi-

ble to polymerize mixtures of two or more olefins.

[0024] The process is in particular suitable in the homopolymerization or copolymerization of
ethylene or propylene and is especially preferred for the homopolymerization or copolymerization

of ethylene. Preferred comonomers in propylene polymerization are up to 40 wt.% of ethylene,
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1-butene and/or 1-hexene, preferably from 0.5 wt.% to 35 wt.% of ethylene, 1-butene and/or
1-hexene. As comonomers in ethylene polymerization, preference is given to using up to

20 wt.%, more preferably from 0.01 wt.% to 15 wt.% and especially from 0.05 wt.% to 12 wt.% of
Cs-Cs-1-alkenes, in particular 1-butene, 1-pentene, 1-hexene and/or 1-octene. Particular prefer-
ence is given to a process in which ethylene is copolymerized with from 0.1 wt.% to 12 wt.% of

1-hexene and/or 1-butene.

[0025] In a preferred embodiment of the present disclosure, the polymerization is carried out in
the presence of an inert gas such as nitrogen or an alkane having from 1 to 10 carbon atoms such
as methane, ethane, propane, n-butane, isobutane, n-pentane, isopentane or n-hexane or mix-
tures thereof. The use of nitrogen or propane as inert gas, if appropriate in combination with fur-
ther alkanes, is preferred. In especially preferred embodiments of the present disclosure, the
polymerization is carried out in the presence of a C3-Cs alkane as polymerization diluent and most
preferably in the presence of propane, especially in the case of homopolymerization or copoly-
merization of ethylene. The reaction gas mixtures within the reactor additionally comprise the ole-
fins to be polymerized, i.e. a main monomer and one or more optional comonomers. In a pre-
ferred embodiment of the present disclosure, the reaction gas mixture has a content of inert com-
ponents from 30 to 99 vol.%, more preferably from 50 to 95 vol.%, and especially from 60 to 90
vol.%. In another preferred embodiment of the present disclosure, especially if the main mono-
mer is propylene, no or only minor amounts of inert diluent are added. The reaction gas mixture
may further comprise additional components such as molecular weight regulators like hydrogen or
polymerization inhibitors like carbon monoxide or water. The components of the reaction gas mix-
ture may be fed into the gas-phase polymerization reactor in gaseous form or as liquid which va-

porizes within the reactor.

[0026] The polymerization of olefins can be carried out using all customary olefin polymeriza-
tion catalysts. That means the polymerization can be carried out using Phillips catalysts based on
chromium oxide, using Ziegler- or Ziegler-Natta-catalysts, or using single-site catalysts. For the
purposes of the present disclosure, single-site catalysts are catalysts based on chemically uniform
transition metal coordination compounds. Furthermore, it is also possible to use mixtures of two
or more of these catalysts for the polymerization of olefins. Such mixed catalysts are often desig-
nated as hybrid catalysts. The preparation and use of these catalysts for olefin polymerization are

generally known.

[0027] Preferred catalysts are of the Ziegler type preferably comprising a compound of tita-
nium or vanadium, a compound of magnesium and optionally an electron donor compound and/or

a particulate inorganic oxide as a support material.
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[0028]  As titanium compounds, use is generally made of the halides or alkoxides of trivalent or
tetravalent titanium, with titanium alkoxy halogen compounds or mixtures of various titanium com-
pounds also being possible. Examples of suitable titanium compounds are TiBrs, TiBrs, TiCls,
TiCls, TI(OCH3)Cls, Ti(OC2Hs)Cls, Ti(O-i-C3H7)Cla, Ti(O-n-C4Hg)Cia, Ti(OC2Hs)Brs, Ti(O-n-C4Ho)Brs,
Ti(OCH3)2Clz, Ti(OC2Hs)2Crz, Ti(O-n-CsHe)2Ciz, Ti(OC2Hs)2Bra, Ti(OCH3)sCl, Ti(OC2Hs)sCl,
Ti(O-n-C4Hg)sCl, Ti(OC2Hs)sBr, Ti(OCH3)4, Ti(OC2Hs)s or Ti(O-n-CsHe)s. Preference is given to
using titanium compounds which comprise chlorine as the halogen. Preference is likewise given
to titanium halides which comprise only halogen in addition to titanium and among these espe-
cially titanium chlorides and in particular titanium tetrachloride. Among the vanadium compounds,
particular mention may be made of the vanadium halides, the vanadium oxyhalides, the vanadium
alkoxides and the vanadium acetylacetonates. Preference is given to vanadium compounds in

the oxidation states 3 to 5.

[0029] Inthe production of the solid component, at least one compound of magnesium is pref-
erably additionally used. Suitable compounds of this type are halogen-comprising magnesium
compounds such as magnesium halides and in particular the chlorides or bromides and magne-
sium compounds from which the magnesium halides can be obtained in a customary way, e.g. by
reaction with halogenating agents. For the present purposes, halogens are chlorine, bromine, io-
dine or fluorine or mixtures of two or more halogens, with preference being given to chlorine or

bromine and in particular chlorine.

[0030] Possible halogen-comprising magnesium compounds are in particular magnesium chlo-
rides or magnesium bromides. Magnesium compounds from which the halides can be obtained

are, for example, magnesium alkyls, magnesium aryls, magnesium alkoxy compounds or magne-
sium aryloxy compounds or Grignard compounds. Suitable halogenating agents are, for example,

halogens, hydrogen halides, SiCls or CCls and preferably chlorine or hydrogen chloride.

[0031] Examples of suitable, halogen-free compounds of magnesium are diethylmagnesium,
di-n-propylmagnesium, diisopropylmagnesium, di-n-butylmagnesium, di-sec-butylmagnesium, di-
tert-butylmagnesium, diamylmagnesium, n-butylethylmagnesium, n-butyl-sec-butylmagnesium,
n-butyloctylmagnesium, diphenylmagnesium, diethoxymagnesium, di-n-propyloxymagnesium,
diisopropyloxymagnesium, di-n-butyloxymagnesium, di-sec-butyloxymagnesium, di-tert-butyl-
oxymagnesium, diamyloxymagnesium, n-butyloxyethoxymagnesium, n-butyloxy-sec-butyl-
oxymagnesium, n-butyloxyoctyloxymagnesium and diphenoxymagnesium. Among these, prefer-

ence is given to using n-butylethylmagnesium or n-butyloctylmagnesium.

[0032] Examples of Grignard compounds are methylmagnesium chloride, ethylmagnesium
chloride, ethylmagnesium bromide, ethylmagnesium iodide, n-propylmagnesium chloride,

n-propylmagnesium bromide, n-butylmagnesium chloride, n-butylmagnesium bromide, sec-butyl-
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magnesium chloride, sec-butylmagnesium bromide, tert-butylmagnesium chloride, tert-butyl-
magnesium bromide, hexylmagnesium chloride, octylmagnesium chloride, amylmagnesium chlo-

ride, isoamylmagnesium chloride, phenylmagnesium chloride and phenylmagnesium bromide.

[0033] As magnesium compounds for producing the particulate solids, preference is given to
using, apart from magnesium dichloride or magnesium dibromide, the di(C1-C1¢-alkyl)magnesium
compounds. Preferably, the Ziegler- or Ziegler-Natta-catalyst comprises a transition metal se-

lected from titanium, zirconium, vanadium, chromium.

[0034] Suitable electron donor compounds for preparing Ziegler type catalysts are for example
alcohols, glycols, esters, ketones, amines, amides, nitriles, alkoxysilanes and aliphatic ethers.
These electron donor compounds can be used alone or in mixtures with each other as well as

with additional electron donor compounds.

[0035] Preferred alcohols are those of formula R'OH in which the R group is a C1-Cx hydro-
carbon group. Preferably, R'is a C1.C1o alkyl group. Specific examples are methanol, ethanol,
iso-propanol and n-butanol. Preferred glycols are those having a total number of carbon atoms
lower than 50. Particularly preferred are the 1,2 or 1,3 glycols having a total number of carbon
atoms lower than 25. Specific examples are ethylene glycol, 1,2-propylene glycol and 1,3-propyl-
ene glycol. Preferred esters are the alkyl esters of C4-Cx aliphatic carboxylic acids and in particu-
lar C1-Cs alkyl esters of aliphatic mono carboxylic acids such as ethyl acetate, methyl formate,
ethyl formate, methyl acetate, propyl acetate, i-propyl acetate, n-butyl acetate, i-butyl acetate.
Preferred amines are those of formula NR2; in which the R2 groups are, independently, hydrogen
or a C1-Cxo hydrocarbon group with the proviso that the R? groups are not simultaneously hydro-
gen. Preferably, R?is a C4-Cqo alkyl group. Specific examples are diethylamine, diisopropylamine
and triethylamine. Preferred amides are those of formula R3CONR®*; in which R® and R* are, in-
dependently, hydrogen or a C-Cy hydrocarbon group. Specific examples are formamide and ac-
etamide. Preferred nitriles are those of formula R'CN where R has the same meaning given
above. A specific example is acetonitrile. Preferred alkoxysilanes are those of formula
R®.R8Si(OR7)s, where a and b are integers from 0 to 2, ¢ is an integer from 1 to 4 and the sum
(a+b+c) is 4; and R5, R8, and R, are alkyl, cycloalkyl or aryl radicals with 1-18 carbon atoms op-
tionally containing heteroatoms. Particularly preferred are the silicon compounds in which a is 0
or 1, cis 2 or 3, R® is an alkyl or cycloalkyl group, optionally containing heteroatoms, and R7 is
methyl. Examples of such preferred silicon compounds are methyltrimethoxysilane, dimethyl-

dimethoxysilane, trimethylmethoxysilane and t-butyltrimethoxysilane.

[0036] Preferred electron donor compounds are selected from the group consisting of amides,

esters, and alkoxysilanes.
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[0037] Catalysts of the Ziegler type are usually polymerized in the presence of a cocatalyst.
Preferred cocatalysts are organometallic compounds of metals of Groups 1, 2, 12, 13 or 14 of the
Periodic Table of Elements, in particular organometallic compounds of metals of Group 13 and
especially organoaluminum compounds. Preferred cocatalysts are for example organometallic

alkyls, organometallic alkoxides, or organometallic halides.

[0038] Preferred organometallic compounds comprise lithium alkyls, magnesium or zinc alkyls,
magnesium alkyl halides, aluminum alkyls, silicon alkyls, silicon alkoxides and silicon alkyl hal-
ides. More preferably, the organometallic compounds comprise aluminum alkyls and magnesium
alkyls. Still more preferably, the organometallic compounds comprise aluminum alkyls, preferably
trialkylaluminum compounds. Preferably, the aluminum alkyls comprise, for example, trimethyl-
aluminum, triethylaluminum, tri-isobutylaluminum, tri-n-hexylaluminum, diethylaluminium chloride
or mixture thereof and especially triethylaluminum, tri-isobutylaluminum, diethylaluminium chloride

or mixture thereof.

[0039] The present disclosure provides a process for starting a gas-phase olefin polymeriza-
tion reaction in a multizone circulating reactor in which the polymerization is carried out in a first
polymerization zone, in which growing polymer particles flow upwards under fluidization, fast fluid-
ization or transport conditions, and in a second polymerization zone, in which growing polymer
particles flow downward in a densified form. The polymer particles leaving the first polymerization
zone are transferred into the second polymerization zone and the polymer particles leaving the
second polymerization zone are reintroduced into the first polymerization zone, thus establishing
a circulation of polymer particles between first and second polymerization zone. Accordingly, the
multizone circulating reactor comprises a vertical first reactor zone and a vertical second reactor
zone and the upper region of the first reactor zone is connected with the upper region of the sec-
ond reactor zone by a first connecting part and the lower region of the second reactor zone is con-

nected with the lower region of the first reactor zone by a second connecting part.

[0040] In a preferred embodiment of the present disclosure, the vertical first reactor zone is de-
signed to comprise a fluidized bed of growing polymer particles. The first reactor zone then oper-
ates as thoroughly mixed gas-phase reactor such as a fluidized bed reactor. In such reactors, the
polymerization takes place in a bed of polymer particles which is maintained in a fluidized state by
feeding in a reaction gas mixture at the lower end of the reactor, usually below a gas distribution
grid having the function of dispensing the gas flow, and taking off the gas again at its upper end.
The reaction gas mixture is then returned to the lower end to the reactor via a recycle line
equipped with a compressor and a heat exchanger for removing the heat of polymerization. The
velocity of the reaction gas mixture has to be sufficiently high firstly to fluidize the mixed bed of
finely divided polymer present in the tube serving as polymerization zone and secondly to remove

the heat of polymerization effectively.
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[0041] When the first reactor zone is designed to comprise a fluidized bed of growing polymer
particles, the second reactor zone may be positioned within, around or adjacent to the first reactor
zone. ltis also possible to employ two or more separated units, in which the growing polymer

particles flow downward in a densified form, as second reactor zone.

[0042] In an especially preferred embodiment of the present disclosure, the vertical first reac-
tor zone is a riser, in which an upward movement of growing polymer particles occurs under fast
fluidization or transport conditions. Fast fluidization conditions inside the riser are established by
feeding a reaction gas mixture at a velocity higher than the transport velocity of the polymer parti-
cles. The velocity of the reaction gas mixture is generally comprised between 0.5 and 15 m/s,
preferably between 0.8 and 5 m/s. The terms "transport velocity" and "fast fluidization conditions”
are well known in the art. For a definition of those terms see, for example, "D. Geldart, Gas Fluid-
ization Technology, page 155 et seq., J. Wiley & Sons Ltd., 1986". Also when operating the first
reactor zone as riser, reaction gas is taken off at the upper end of the multizone circulating reac-
tor, conveyed through a recycle line equipped with a compressor and a heat exchanger, and then

re-used as riser gas.

[0043] The multizone circulating reactor of the present disclosure further comprises a vertical
second reactor zone which is designed to operate as downcomer in which the growing polymer
particles flow downward in a densified form. Such a reactor zone may also be designated as a
"moving bed" or a "settled bed" reaction unit or reactor. Throughout the present disclosure, the
term "densified form" of the polymer means that the ratio between the mass of polymer and the
reactor volume is higher than 80% of the "poured bulk density" of the resulting polymer. Thus, for
instance, in the case of a polymer bulk density equal to 420 kg/m?, a "densified form" of the poly-
mer implies that the polymer mass/reactor volume ratio is at least 336 kg/m®. The "poured bulk
density" of a polymer is a parameter well known to the person skilled in the art: it can be meas-
ured according to DIN EN ISO 80 : 1999. The density of solid inside the reactor is defined as the

mass of polymer per volume of reactor occupied by the polymer.

[0044] Typically, a downcomer is a polymerization zone containing a bed of growing polymer
particles, which moves downwards in a substantially plug flow mode. By "plug flow mode", it is
meant that there is little or preferably no backmixing of the polymer particles. In a preferred em-
bodiment of the process according to the present disclosure, the polymer particles flow down-
wards in the downcomer with a velocity of from 0.01 to 0.7 m/s, preferably from 0.1 to 0.6 m/s,

and more preferably from 0.15t0 0.5 m/s.

[0045] For replacing reacted olefins and for controlling the gas flow within the downcomer,
gaseous or liquid feed streams may be introduced at one or more positions into the downcomer.
The feed streams preferably comprise the main monomer and may further comprise one or more

comonomers, inert components such as propane, or hydrogen. Depending on the amounts of
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added gaseous or liquid feed streams to the downcomer and the pressure conditions within the
downcomer, the gaseous medium surrounding the polymer particles can be designed to move
downwards concurrently with the polymer particles or upward countercurrently to the polymer par-
ticles. When feeding liquid streams to the downcomer, these liquid streams preferably vaporize
within the downcomer, contributing to the composition of the reaction gas mixture within the down-
comer. When operating the downcomer with more than one feed stream, the feeding points for
introducing the feed streams into the downcomer are preferably evenly distributed over the height

of the downcomer.

[0046] The second reactor zone of the multizone circulating reactor of the present disclosure is
equipped at the bottom with a throttling valve. This valve is employed for controlling the flow of
the growing polymer particles from the second reactor zone into the first reactor zone. The throt-
tling valve is preferably a mechanical valve, such as a simple or double butterfly valve or a ball
valve. More preferably this valve is a butterfly valve. Preferably a stream of a gas, sometimes
denominated as "dosing gas", is fed into the lower part of the second reactor zone at one or more
positions shortly above the valve to facilitate the flow of the growing polymer particles through the
valve. The dosing gas is preferably taken from a recycling stream of unreacted monomers down-
stream of the compressor. By varying the opening of the valve and/or varying the flow rate of the
dosing gas, it is possible to adjust the velocity of the polymer particles within the second reactor

zone.

[0047] The second reactor zone is further equipped with a line for discharging polymer, and, in
the upper part, with means which allow measuring the level of a settled bed of polyolefin particles

within the second reactor zone, such as gamma ray detectors.

[0048] The multizone circulating reactor comprises a gas recycle line for conveying the reac-
tion gas mixture, which is taken off at the upper end of the multizone circulating reactor, back to
the bottom of the multizone circulating reactor. The gas recycle line is equipped with a compres-
sor and a heat exchanger for removing the heat of polymerization. The gas coming from the gas
recycle line is employed as riser gas for transporting the growing polymer particles under fluidiza-
tion, fast fluidization or transport conditions through the first reactor zone, as dosing gas for facili-
tating the flow of the growing polymer particles through the throttling valve and optionally as
transport gas for conveying the growing polymer particles from the bottom of the second reactor
zone through the second connecting part to the first reactor zone. Accordingly, the gas recycle
line connects the top of the first reactor zone, the top of the second reactor zone or the first con-
necting part with at least a riser gas introduction point at the bottom of the first reactor zone, a
dosing gas introduction point at the second reactor zone above the throttling valve, and optionally
a transport gas introduction point at the end of the connecting part, which is connected with the

lower region of the second reactor zone.
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[0049] In a most preferred embodiment of the present disclosure, the multizone circulating re-
actor comprises a riser as first reactor zone. Such multizone circulating reactors are, for example,
described in WO 97/04015 A1 and WO 00/02929 A1 and have two interconnected polymerization
zones, a riser, in which the growing polymer particles flow upward under fast fluidization or
transport conditions and a downcomer, in which the growing polymer particles flow in a densified
form under the action of gravity. The polymer particles leaving the riser enter the downcomer and
the polymer particles leaving the downcomer are reintroduced into the riser, thus establishing a
circulation of polymer between the two polymerization zones and the polymer is passed alter-
nately a plurality of times through these two zones. In such polymerization reactors, a solid/gas
separator is arranged above the downcomer to separate the polyolefin and reaction gaseous mix-
ture coming from the riser. The growing polyolefin particles enter the downcomer and the sepa-
rated reaction gas mixture of the riser is continuously recycled through a gas recycle line to one or
more points of reintroduction into the polymerization reactor. Preferably, the major part of the re-
cycle gas is recycled to the bottom of the riser. Preferably, a line for the catalyst feed is arranged
on the riser and a polymer discharge system is located in the bottom portion of the downcomer.
The introduction of make-up monomers, comonomers, hydrogen and/or inert components may

occur at various points along the riser and the downcomer.

[0050] Carrying out the polymerization in a polymerization reactor comprising a riser, which
operates under fast fluidization or transport conditions, brings about the advantage that all grow-
ing polymer particles pass repeatedly all polymerization zones of the polymerization reactor. It is
so possible to produce within one gas-phase polymerization reactor homogeneous multi-modal

olefin polymers with improved polymer property combinations.

[0051] Figure 1 shows schematically a multizone circulating reactor for carrying out the pro-
cess of the present disclosure. The multizone circulating reactor is designed to be supplied with a

pre-polymerized catalyst.

[0052] A solid catalyst component is fed via line (1) and cocatalyst, diluent, for example pro-
pane, and optionally one or more electron donor compounds are fed via line (2) to a pre-contact-
ing vessel (3). The formed catalyst system is fed via line (4) to a loop pre-polymerization reactor
(5). An olefin, for example propylene, is fed to the loop reactor (5) via line (6). A suspension con-
taining the pre-polymerized catalyst particles is discharged from the loop reactor (5) and is fed via

line (7) to a catalyst injection point (10) of a multizone circulating reactor (21).

[0053] Multizone circulating reactor (21) comprises as first reactor zone a riser (22) and as
second reactor zone a downcomer (23) which are repeatedly passed by the growing polyolefin

particles. Within riser (22), the polyolefin particles flow upward under fast fluidization conditions
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along the direction of arrow (24). Within the downcomer (23), the polyolefin particles flow down-
ward under the action of gravity along the direction of the arrow (25). The riser (22) and the

downcomer (23) are appropriately interconnected by the interconnection bends (26) and (27).

[0054]  After flowing through the riser (22), the polyolefin particles and the reaction gas mixture
leave riser (22) and are conveyed to a solid/gas separation zone (28). This solid/gas separation
can be effected by using conventional separation means such as, for example, a centrifugal sepa-
rator like a cyclone. From the separation zone (28), the polyolefin particles enter downcomer
(23).

[0055] The reaction gas mixture leaving the separation zone (28) is recycled to the riser (22)
by means of a recycle line (29), equipped with a compressor (30) and a heat exchanger (31). Be-
tween the compressor (30) and the heat exchanger (31), the recycle line (29) splits and the gase-
ous mixture is divided into two separated streams: line (32) conveys a part of the recycle gas into
the interconnection bend (27), while line (33) conveys another part the recycle gas to the bottom

of riser (22), so as to establish fast fluidization conditions therein.

[0056] The polyolefin particles obtained in multizone circulating reactor (21) are continuously

discharged from the bottom part of downcomer (23) via the discharge line (35).

[0057] A part of the gaseous mixture leaving the separation zone (28) exits the recycle line
(29) after having passed the compressor (30) and is sent through line (38) to the heat exchanger
(37), where it is cooled to a temperature at which the monomers and the optional inert gas are
partially condensed. A separating vessel (38) is placed downstream of the heat exchanger (37).
The separated liquid is withdrawn from the separating vessel (38) via line (39) and fed to down-
comer (23) through line (40) by means of a pump (41) to generate the barrier for preventing the
reaction gas mixture of the riser (22) from entering the downcomer (23). The gaseous mixture ob-
tained as gas-phase in the separating vessel (38) is recirculated to recycle line (29) through line
(42). Make-up monomers, make-up comonomers, and optionally inert gases and/or process addi-

tives can be introduced into the recycle line (29) via line (43).

[0058] The bottom of the downcomer (23) is equipped with a butterfly valve (44) having an ad-
justable opening for adjusting the flow of polyolefin particles from downcomer (23) through inter-
connection bend (27) into the riser (22). Above the butterfly valve (44), amounts of a recycle gas
mixture coming from the recycle line (29) through line (45) are introduced as dosing gas into the

downcomer (23).

[0059] In a preferred embodiment of the present disclosure, the multizone circulating reactor is
part of a reactor cascade. The further polymerization reactors of the reactor cascade can be any

kind of low-pressure polymerization reactors such as gas-phase reactors or suspension reactors.
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If the polymerization process of the reactor cascade includes a polymerization in suspension, the
suspension polymerization is preferably carried out upstream of the gas-phase polymerization.
Suitable reactors for carrying out such a suspension polymerization are for example loop reactors
or stirred tank reactors. Suitable suspension media are inter alia inert hydrocarbons such as iso-
butane or mixtures of hydrocarbons or else the monomers themselves. |f the multistage polymeri-
zation of olefins comprises additional polymerization stages carried out in gas-phase, the addi-
tional gas-phase polymerization reactors can be any type of gas-phase reactors like horizontally
or vertically stirred gas-phase reactors, fluidized-bed reactors or multizone circulating reactors.
Such additional gas-phase polymerization reactors may be arranged downstream or upstream of
the gas-phase polymerization reactor. In an especially preferred embodiment of the present dis-
closure, the multizone circulating reactor is part of a reactor cascade in which a fluidized-bed

polymerization reactor is arranged upstream of the multizone circulating reactor.

[0060] Figure 2 shows schematically a set-up of a polymerization reactor cascade comprising
a fluidized-bed reactor and a multizone circulating reactor for carrying out the process of the pre-

sent disclosure.

[0061] The first gas-phase reactor, fluidized-bed reactor (101), comprises a fluidized bed (102)
of polyolefin particles, a gas distribution grid (103) and a velocity reduction zone (104). The veloc-
ity reduction zone (104) is generally of increased diameter compared to the diameter of the fluid-
ized-bed portion of the reactor. The polyolefin bed is kept in a fluidization state by an upward flow
of gas fed through the gas distribution grid (103) placed at the bottom portion of the reactor (101).
The gaseous stream of the reaction gas mixture leaving the top of the velocity reduction zone
(104) via recycle line (105) is compressed by compressor (106), transferred to a heat exchanger
(107), in which it is cooled, and then recycled to the bottom of the fluidized-bed reactor (101) ata
point below the gas distribution grid (103) at position (108). The recycle gas can, if appropriate,
be cooled to below the dew point of one or more of the recycle gas components in the heat ex-
changer so as to operate the reactor with condensed material, i.e. in the condensing mode. The
recycle gas can comprise, besides unreacted monomers, also inert condensable gases, such as
alkanes, as well as inert non-condensable gases, such as nitrogen. Make-up monomers, hydro-
gen, and optional inert gases or process additives can be fed into the reactor (101) at various po-
sitions, for example via line (109) upstream of the compressor (1086); this non-limiting the scope of
the invention. Generally, the catalyst is fed into the reactor (101) via a line (110) that is preferably

placed in the lower part of the fluidized bed (102).

[0062] The polyolefin particles obtained in fluidized-bed reactor (101) are discontinuously dis-
charged via line (111) and fed to a solid/gas separator (112) in order to avoid that the gaseous
mixture coming from the fluidized-bed reactor (101) enters the multizone circulating reactor. The
gas leaving solid/gas separator (112) exits the reactor via line (113) as off-gas while the sepa-

rated polyolefin particles are fed via line (114) to the multizone circulating reactor (21).
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[0063] Multizone circulating reactor (21) shown in Figure 2 is identical to multizone circulating
reactor (21) shown in Figure 1, except that not a pre-polymerized catalyst is fed into the multizone
circulating reactor (21) but that polyolefin particles coming from the fluidized-bed reactor (101) via
line (114) enter the multizone circulating reactor (21) at the interconnection bend (27) in position
(34). Furthermore, liquid withdrawn from the separating vessel (38) is additionally fed to down-
comer (23) through line (46). Make-up monomers, make-up comonomers, and optionally inert
gases and/or process additives can be introduced via line (47) into line (46) and then fed into the

downcomer (23) at monomer feeding point (48).

[0064] The process of the present disclosure is characterized in that the polymerization is
started with an empty multizone circulating reactor; i.e. with a reactor which does not contain par-
ticulate polyolefin. As step a) of the starting process, the multizone circulating reactor is filled with
a reactor gas and brought to a pressure from 0.1 to 20 MPa and a temperature from 20 to 200°C.
Depending from the conditions before the start-up, the reactor may be rendered inert by purging
with an inert gas or by introducing a scavenger such as an organoaluminum compound before
carrying out step a). The reactor gas employed in step a) can have a composition identical or
similar to the composition of the reaction gas in the multizone circulating reactor after the started
polymerization has reached steady state. The composition of the reactor gas employed in step a)
can however also differ in the composition and, for example, contain only inert components and

no monomers.

[0065]  After having reached a targeted pressure and temperature for the start-up, a circulation
of reactor gas through the recycle gas line is commenced as step b). Driven by the compressor
arranged in the recycle gas line, the reactor gas is conveying from the upper end of the multizone
circulating reactor, i.e. from the top of the first reactor zone, the top of the second reactor zone or
the first connecting part, through the gas recycle line to the riser gas introduction point, to the dos-
ing gas introduction point and optionally to the transport gas introduction point. The gas feeding
rates at the gas introduction points may be lower than those after the completed start-up in steady
state of the polymerization. In a preferred embodiment of the present disclosure, the amounts of
gas fed at the dosing gas introduction point and the optional transport gas introduction point are in
step b) not more than to avoid plugging when introducing particulate material in step c). Because,
in step b), the multizone circulating reactor is still free from particulate material in the reactor, the
reactor gas introduced in the lower part of the multizone circulating reactor at the riser gas intro-
duction point, at the dosing gas introduction point and optionally at the transport gas introduction
point can flow through both the first reactor zone and the second reactor zone to the upper end of

the multizone circulating reactor.

[0066]  After having established a circulation of reactor gas through the recycle gas line, partic-
ulate material comprising a polymerization catalyst and optionally polyolefin is fed as step c) into

the multizone circulating reactor. The particulate material comprising a polymerization catalyst
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and optionally polyolefin may be a neat polymerization catalyst, a pre-polymerized polymerization
catalyst or growing polyolefin particles produced in a polymerization reactor arranged upstream of

the multizone circulating reactor.

[0067] In a preferred embodiment of the present disclosure, the particulate material is a pre-
polymerized polymerization catalyst. The pre-polymerization of the catalyst may be carried out in
a diluent in one, two or more pre-polymerization vessel, optionally preceded by a catalyst pre-acti-
vation step. In a preferred embodiment, the pre-polymerization is carried out in a loop reactor.
The pre-polymerization may be conducted at temperatures from 0 to 80°C, preferably 20 to 50°C
at a pressure from 0.1 to 10 MPa. The residence time of the catalyst in the one, two or more pre-
polymerization vessels may be from 2 minutes to 3 hours, preferably from 5 minutes to 1 hour.
The degree of pre-polymerization may be from 0.2 to 800 g polymer/g of solid catalyst, preferably
from 1 to 400 g polymer/g of solid catalyst. The pre-polymerization may be carried out with only
one olefin as monomer, preferably propylene or ethylene, or may be a copolymerization with a
combination of two or more olefins. Furthermore, it is possible to conduct the pre-polymerization

in presence of additives such as hydrogen or electron donor compounds.

[0068] In another preferred embodiment of the present disclosure, the multizone circulating re-
actor is part of a reactor cascade and the particulate material comprising the polymerization cata-
lyst is a polyolefin produced in a polymerization reactor arranged upstream of the multizone circu-

lating reactor.

[0069] The particulate material comprising the polymerization catalyst and optionally polyolefin

is preferably fed into the lower part of the first reactor zone or into the second connecting part.

[0070] The process of the present disclosure is characterized in that after having started the
feed of the particulate material comprising the polymerization catalyst, as step d), the gas flow in
the second reactor zone is controlled by adjusting the opening of the throttling valve and adjusting
the flow rates of the gas fed to the riser gas introduction point, to the dosing gas introduction
point, and optionally to the transport gas introduction point so that the upwards gas velocity in the
bottom part of the second reaction zone is lower than the terminal free-fall velocity of the particu-
late material fed into the multizone circulating reactor. The terminal free-fall velocity of a particle
is the velocity which a particle reaches when it falls through a stationary fluid. This velocity de-
pends on the size and the shape of the particle. When a particle is situated in an upwards flowing
gas and the velocity of this upwards flowing gas is higher than the terminal free-fall velocity of the
particle, the particle is carried away by the gas. For the calculation of the terminal free-fall velocity
of the particulate material fed into the multizone circulating reactor, the mean particle diameter of

this particulate material has to be used.
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[0071] In an embodiment of the present disclosure, in step d), the upwards gas velocity in the
bottom part of the second reaction zone is lower than the terminal free-fall velocity but higher than
the minimum fluidization velocity of the particulate material fed into the multizone circulating reac-
tor. This avoids that, after having started the feeding of the particulate material comprising the
polymerization catalyst, the particulate material immediately settles in the second reaction zone,
which may result in an uncontrolled polymerization reaction and chunk formation if one or more

olefins are present in step d).

[0072] In a preferred embodiment of the present disclosure, in step d), the upwards gas veloc-
ity in the first reactor zone is higher than the terminal free-fall velocity of the particulate material

fed into the multizone circulating reactor. Consequently, the first reactor zone operates as a riser.

[0073] Preferably, as step e), one or more olefins are fed to the multizone circulating reactor
after the feeding of the particulate material in step c) has started and the one or more olefins are
then reacting to polyolefin the in the presence of the polymerization catalyst. The start-up process
of the present disclosure may however also be carried out without feeding of olefins if the particu-
late material in step c) comprises polyolefin, especially if the particulate material are growing poly-
olefin particles produced in an upstream arranged polymerization reactor. In such a case, it is
within the scope of the present disclosure to carry out some or all of the subsequent steps f) to h)
without feeding olefins to the multizone circulating reactor and only thereafter commencing with

feeding one or more olefins so to finally arriving at steady state polymerization conditions.

[0074] According to step f) of the process of the present disclosure, one or more olefins or a
particulate material comprising a polymerization catalyst and polyolefin or one or more olefins and
a particulate material comprising a polymerization catalyst and polyolefin are fed into the multi-
zone circulating reactor while the polymer discharged line is closed, i.e. no polyolefin is dis-
charged from the multizone circulating reactor. Accordingly, the amount of polyolefin within the
multizone circulating reactor increases because polyolefin is formed within the multizone circulat-
ing reactor and/or because polyolefin is introduced into the multizone circulating reactor. By con-
trolling the gas flow in the second reactor zone according to step d), it is ensured that at least the
majority of particles fed into the multizone circulating reactor are not carried away from the second
reactor zone in upward direction. Depending on the size of the particles and the flow rate of gas
in the second reactor zone, the particles can remain in a fluidized state within the second reactor
zone or the particles can leave the second reactor countercurrently to the gas flow through the

opening of the throttling valve.

[0075] In a preferred embodiment of the present disclosure, the upwards gas velocity in the
first reactor zone is controlled in step d) in that the particles within the multizone circulating reac-

tor, or at least a coarser part of the particles within the multizone circulating reactor, are main-
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tained in a fluidized state, i.e. that the first reactor zone operates as a fluidized-bed reactor. Par-
ticulate material fed into the first reactor zone or into the second connecting part and particles
leaving the second reactor zone will accumulate in the fluidized bed within the first reactor zone
until the first reactor zone is completely filled and the fluidized bed starts to flow over to the sec-
ond reactor. In another, even more preferred embodiment of the present disclosure, the upwards
gas velocity in the first reactor zone is higher than the terminal free-fall velocity of the particles
within the multizone circulating reactor, i.e. that first reactor zone operates as a riser. The particu-
late material fed into the first reactor zone or into the second connecting part and particles leaving
the second reactor zone are then immediately transported into the second reactor zone. In both
embodiments of the present disclosure, the amount of particles within the second reactor zone
goes up and accordingly the weight of the particulate polyolefin in the second reactor zone in-
creases and, caused by the higher resistance of the particles within the second reactor zone, the
upward velocity of the gas within the second reactor zone decreases. When the weight of the
particulate polyolefin in the second reactor zone becomes higher than the drag force of the up-
ward moving gas, the fluidized bed within the second reactor zone collapses and a settled bed of
polyolefin particles forms. From that point of time, the upwards gas velocity in the bottom part of
the second reaction zone is inevitably lower than the terminal free-fall velocity and lower than the

minimum fluidization velocity of the particulate material fed into the multizone circulating reactor.

[0076] In a preferred embodiment of the present disclosure, a liquid hydrocarbon which vapor-
izes under the conditions within the second reactor zone is fed into the second reactor zone, pref-
erably into the bottom part of the second reactor zone, during step f). The vaporization of the lig-
uid hydrocarbon allows taking away effectively the heat of polymerization generated within the

second reactor zone during step f).

[0077] The settled bed formed in the end of step f) does not fill the second reactor zone com-
pletely. Accordingly, step g) provides that by controlling the feeding rates of the one or more ole-
fins and the particulate material comprising a polymerization catalyst and polyolefin into the muilti-
zone circulating reactor and the rate for the optional discharge of the produced polyolefin, a
higher amount of the one or more olefins and/or of polyolefin is introduced into the multizone cir-
culating reactor than polyolefin is withdrawn from the reactor. Furthermore, although the settled
bed formed in the end of step f) does not fill the second reactor zone completely, the bed none-
theless stands above the throttling valve. This allows controlling the circulation rate of the poly-
mer particles within the multizone circulating reactor by adjusting the opening of the throttling
valve and adjusting the flow rate of the dosing gas. Preferably, step g) is carried out without dis-

charging polyolefin from the multizone circulating reactor.

[0078] Operating the multizone circulating reactor under the conditions of step g) is continued
until the level of the settled bed of polyolefin particles reaches the upper part of the second reac-

tor zone. Thereafter, steady state polymerization is taken up. Consequently, in step h), discharge



CA 03047847 2019-06-20

WO 2018/115236 PCT/EP2017/084010

10

15

20

25

30

35

40

19

of polyolefin from the multizone circulating reactor is started or increased and the amount of dis-
charged polyolefin is balanced with the combined amounts of introduced olefin(s) and polyolefin
by controlling the feeding rates of the one or more olefins and the particulate material comprising
a polymerization catalyst and polyolefin into the multizone circulating reactor and controlling the
discharge rate of the produced polyolefin. Furthermore, the circulation rate of the polymer parti-
cles within the multizone circulating reactor is controlled by adjusting the opening of the throttling

valve and adjusting the flow rate of the dosing gas.

[0079] In an embodiment, the present disclosure further provides processes for producing a
polyolefin by polymerizing one or more olefins in a multizone circulating reactor, wherein the
polymerization reaction has been started by any of the start-up processes of the present disclo-
sure. Preferably, the processes are processes for preparing an ethylene polymer by homopoly-
merizing ethylene or copolymerizing ethylene with one or more comonomers or the processes are
processes for preparing a propylene polymer by homopolymerizing propylene or copolymerizing

propylene with one or more comonomers.

[0080] In a preferred embodiment of the present disclosure, the final steady state polymeriza-
tion in the multizone circulating reactor is carried out in a way that the reaction gas mixture leaving
the first reactor zone is partially or totally prevented from entering the second reactor zone for es-
tablishing different polymerization conditions between the first and at least a part of the second
reactor zone. This can for example be achieved by feeding a barrier fluid in form of a gas and/or
liquid mixture into the second reactor zone, preferably in the upper part of the second reactor
zone. The barrier fluid should have a suitable composition, different from that of the gas mixture
present in the first reactor zone. The amount of added barrier fluid can be adjusted in a way that
an upward flow of gas countercurrent to the flow of the polymer particles is generated, particularly
at the top thereof, acting as a barrier to the gas mixture entrained with the particles coming from

the first reactor zone.

[0081] The barrier fluid comes preferably from a recycle gas stream and is more preferably ob-
tained by partly condensing the stream. As a consequence, the barrier fluid may contain, besides
the monomers to be polymerized, also inert compounds used as a polymerization diluent like ni-
trogen or alkanes having from 1 to 10 carbon atoms, hydrogen or other components of the reac-

tion gas mixture.

[0082] The preparation of the barrier fluid may be accomplished by separating off a part of the
recycle gas stream, preferably downstream of the compressor and upstream of the heat ex-
changer comprised in the recycle line, passing the separated gas through a heat-exchanger or a
distillation section for partly condensing and separating the resulting liquid-gas mixture in a liquid
and a gaseous stream. The barrier fluid may have a composition that the gas produced by vapor-

izing the barrier fluid has less than 10 vol.% hydrogen and preferably less than 3 vol.% hydrogen.
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In a preferred embodiment, the barrier fluid has a composition that the gas produced by vaporiz-
ing the barrier fluid has less than 0.5 vol.% hydrogen, preferably less than 0.2 vol.% hydrogen and
more preferably less than 0.1 vol.% hydrogen. Preferably, a feed stream comprising ethylene and
optionally one or more comonomers is introduced into the second reactor zone together with the

barrier fluid or in close proximity to the feeding point of the barrier fluid.

[0083] Preferably, the barrier fluid is fed in liquid form into the upper part of the second reactor

zone.

EXAMPLES

[0084] The melt flow rate MFR190/2.16 Was determined according to DIN EN ISO 1133-1:2012-
03 at a temperature of 190 °C under a load of 2.16 kg.

[0085] The melt flow rate MFR190/216 Was determined according to DIN EN ISO 1133-1:2012-
03 at a temperature of 190 °C under a load of 21.86 kg.

[0086] The density was determined according to DIN EN ISO 1183-1:2004, Method A (Immer-
sion) with compression molded plaques of 2 mm thickness. The compression molded plaques
were prepared with a defined thermal history: pressed at 180 °C, 20 MPa for 8 min with subse-

quent crystallization in boiling water for 30 min.

[0087] The melt flow rate MFR2302.16 Was determined according to DIN EN ISO 1133-1:2012-
03 at a temperature of 230 °C under a load of 2.16 kg.

Example 1

[0088] The production of a polyethylene in a cascade of a fluidized-bed reactor and a multi-
zone circulating reactor having two interconnected reaction zones as shown in Figure 2 was

started with both reactors being empty:; i.e. both reactors did not contain polymer particles.

[0089] The fluidized bed reactor (101) had an internal diameter of 500 mm and a height of 4 m
and was equipped with a differential pressure gage for determining the weight of the fluidized bed
within the reactor. For start-up, the fluidized bed reactor (101) was pressurized with propane to
3.0 MPa and heated up to 80°C. Then ethylene and hydrogen were fed into fluidized bed reactor
(101) and a gas composition of 6 vol.% ethylene, 8% vol.% hydrogen, and the remainder being
propane was established. The circulation of gas through fluidized bed reactor (102) and recycle
line (105) was started and the upwards gas velocity in the cylindrical part of the fluidized bed reac-
tor (101) was set to 0.45 m/s.



CA 03047847 2019-06-20

WO 2018/115236 PCT/EP2017/084010

10

15

20

25

30

35

40

21

[0090] The riser (22) had an internal diameter of 200 mm and a length of 19 m. The down-
comer (23) had a total length of 18 m, an upper part of 5 m with an internal diameter of 300 mm
and a lower part of 13 m with an internal diameter of 150 mm. The downcomer (23) was
equipped with a butterfly valve (44) at a height of 0.5 m and both the riser (22) and the down-
comer (23) were equipped were with a gamma ray source and gamma ray detectors for measur-
ing the densities of the reaction mixtures within these reactor zones. For start-up, the multizone
circulating reactor (21) was pressurized with propane to 2.6 MPa and heated up to 80°C. Then
ethylene and hydrogen were fed into multizone circulating reactor (21) and a gas composition of
5 vol.% ethylene, 2.5 vol.% hydrogen, and the remainder being propane was established. The
circulation of gas through multizone circulating reactor (21) and recycle line (29) was started and

the upwards gas velocity in the riser (22) was set to 1.2 m/s.

[0091] 9.1 g/h of a Ziegler-Natta catalyst, which had been prepared according to example 1a
of WO 2014/202420 A1 with a molar feed ratio of electron donor/Ti of 8, were fed using 5 kg/h of
liquid propane to a first stirred precontacting vessel, into which also triisobutylaluminum (TIBA),
diethylaluminum chloride (DEAC) and tetrahydrofuran (THF) were dosed. The weight ratio of
triisobutylaluminum to diethylaluminum chloride was 7:1. The weight ratio of the aluminum alkyls
to the catalyst solid was 5:1. The weight ratio of the aluminum alkyls to THF was 70:1. The first
precontacting vessel was kept at 50 °C with a residence time of 30 minutes. The catalyst suspen-
sion of the first precontacting vessel was continuously transferred to a second stirred precontact-
ing vessel, which was also operated at 50 °C with a residence time of 30 minutes. The catalyst

suspension was then transferred continuously to fluidized-bed reactor (101) via line (110).

[0092] Three hours after the catalyst feed to the first precontacting vessel had been started, a
bed level in fluidized bed reactor (101) was detected. The feeds of ethylene and hydrogen via
line (109) to fluidized-bed reactor (101) were slowly adjusted to obtain an ethylene concentration
of 12 vol.% and a hydrogen concentration of 16 vol.%. No comonomer was added. Eight hours
after the catalyst feed to the first precontacting vessel had been started, the bed level reached the
targeted hold-up of polymer in the fluidized bed reactor of 140 kg. The resulting feed rates for
ethylene and hydrogen were 42 kg/h of ethylene and 140 g/h of hydrogen.

[0093]  After the targeted bed level in the fluidized bed reactor (101) was reached, polymer dis-
charge from fluidized bed reactor (101) was started. The polyethylene particles were discontinu-
ously discharged via line (111) to solid/gas separator (112) and then conveyed via line (114) to

multizone circulating reactor (21).

[0094] Butterfly valve (44) at the bottom of downcomer (23) was set to an opening of 20% of
the maximum opening to limit the circulation rate of the polyethylene particles in multizone circu-
lating reactor (21). The amount of dosing gas fed via line (45) was set to 200 kg/h. Two hours

after the polymer discharge from fluidized bed reactor (101) to multizone circulating reactor (21)
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had been started, the density in riser (22) reached a value of 90 kg/m®. The density in the bottom
part of downcomer (23) reached a value of 150 kg/m3. Three hours after the polymer discharge
from fluidized bed reactor (101) to multizone circulating reactor (21) had been started, the density
in riser (22) reached 110 kg/m®. The density in the bottom part of downcomer (23) reached

430 kg/m?®, which corresponds to the density of a moving bed of polyethylene particles.

[0095] The ethylene and hydrogen concentrations were slowly adjusted to 10 vol.% ethylene

and 1 vol.% hydrogen by increasing the ethylene and hydrogen feeds via line (47).

[0096] Six hours after the polymer discharge from fluidized bed reactor (101) to multizone cir-
culating reactor (21) had been started, the level in the downcomer reached the target value of
16.5 m and the discharge of polymer particles from multizone circulating reactor (21) via line (35)
was commenced. After 10 hours, the full throughput of the multizone circulating reactor (21) of
90 kg/h was reached. The density in riser (22) reached a stable value of 150 kg/m®. The density

in the bottom part of downcomer (23) stayed constant at 430 kg/m?.

[0097] The polyethylene obtained in fluidized-bed reactor (101) had an MFR1g0/2.16 Of
12 g/10 min and a density of 0.967 g/cm®. The polyethylene discharged from the multizone circu-
lating reactor (21) had an MFRg0216 of 20 g/10 min and a density of 0.960 g/cm?.

Comparative Example A

[0098] The start-up for the production of polyethylene described Example 1 was repeated un-
der identical conditions. However, after the targeted bed level in the fluidized bed reactor (101)
was reached, the polymer particles were discharged to the multizone circulating reactor (21)

which had butterfly valve (44) at the bottom of downcomer (23) fully opened.

[0099] Two hours after the polymer discharge had been started, the density in riser (22)
reached a value of 130 kg/m3. The density in the bottom part of downcomer (23) reached a value
of 140 kg/m3. Three hours after the polymer discharge from fluidized bed reactor (101) to multi-
zone circulating reactor (21) had been started, the density in riser (22) reached 150 kg/m3. The
density in the bottom part of downcomer (23) reached 180 kg/m®. The density readings of both
riser (22) and downcomer (23) were fluctuating significantly, which means that the circulation ve-
locity of the polymer powder within multizone circulating reactor (21) was erratic. Five hours after
the polymer discharge from fluidized bed reactor (101) to multizone circulating reactor (21) had
been started, the multizone circulating reactor (21) had to be shut down. Polymer powder was

found in the recycle line (29) in the compressor (30) and in the heat exchanger (31).

Example 2
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[0100] The production of polypropylene in a multizone circulating reactor having two intercon-
nected reaction zones as shown in Figure 1 was started with the multizone circulating reactor be-

ing empty; i.e. the reactor did not contain polymer particles.

[0101] The riser (22) had an internal diameter of 1800 mm and a length of 34 m. The down-
comer (23) had a total length of 35 m, an upper part of 7 m with an internal diameter of 2200 mm,
a middle part of 5m with an internal diameter of 1800mm and a lower part of 21 m with an internal
diameter of 1100 mm. The downcomer (23) was equipped with a butterfly valve (44) installed im-
mediately below the lower part of the downcomer and both the riser (22) and the downcomer (23)
were equipped were with a gamma ray source and gamma ray detectors for measuring the densi-
ties of the reaction mixtures within these reactors. For start-up, the multizone circulating reactor
(21) was pressurized with propylene to 2.8 MPa and heated up to 75°C. Then hydrogen was fed
into multizone circulating reactor (21) and a gas composition of 0.6 vol.% hydrogen and the re-
mainder being propylene was established. The circulation of gas through multizone circulating
reactor (21) and recycle line (29) was started and the upwards gas velocity in the riser (22) was

setto 1.7 m/s.

[0102] 0.4 kg/h of a Ziegler-Natta catalyst, which had been prepared according the Example 5,
lines 48 to 55 of EP 0 728 769 B2 with the difference that the starting support had formula
MgCl>-1.7EtOH, were fed to a stirred pre-contacting vessel (3), into which triethylaluminum and
dicyclopentyldimethoxysilane were dosed. The weight ratio of triethylaluminum to the catalyst
solid was 5:1. The weight ratio of triethylaluminum to dicyclopentyldimethoxysilane was 4:1. The
precontacting vessel (3) was kept at 15 °C with a residence time of 5 minutes. The catalyst sus-
pension was then transferred continuously to the pre-polymerization reactor (5). The pre-
polymerization reactor (5) was operated at a temperature of 25°C with a residence time of

15 minutes. Liquid propylene was fed continuously to the pre-polymerization reactor (5). Pre-pol-

ymerized catalyst particles are fed continuously via line (7) to the bottom part of the riser (22).

[0103] Valve (44) at the bottom of downcomer (23) was set to an opening of 100% of the maxi-
mum opening. Two hours after the discharge of pre-polymerized catalyst particles from pre-poly
reactor (5) had been started, the density in riser (22) reached a value of 90 kg/m?. The density in
the bottom part of downcomer (23) reached a value of 200 kg/m®. Two and a half hours after the
discharge of pre-polymerized catalyst particles from pre-poly reactor (5) had been started, the
density in riser (22) reached 110 kg/m®. The density in the bottom part of downcomer (23)

reached 450 kg/m?, which corresponds to the density of a moving bed of polypropylene particles.

[0104] Dosing gas was kept at 5 t/h until the density in the bottom part of the downcomer (23)
reached 450 kg/m® and was then rapidly increased to the steady state value of 20 t/h. Simultane-
ously, the riser gas velocity was increased to the steady state value of 2 m/s in order to reach the

riser density at steady state of 240 kg/m?.
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[0105] The hydrogen concentration was kept at target level by slowly increasing the hydrogen
feed via line (43).

[0106] Five hours after the discharge of pre-polymerized catalyst particles from pre-poly reac-
tor (5) had been started, the level in the downcomer reached the steady state value and the dis-
charge of polymer particles from multizone circulating reactor (21) via line (35) was commenced.
Ten hours after the discharge of pre-polymerized catalyst particles from pre-poly reactor (5) had

been started, the full throughput of the multizone circulating reactor (21) of 20 t/h was reached.

[0107] The polypropylene obtained had an MFR230/2.16 of 15 g/10 min.
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The embodiments of the present invention for which an exclusive property or privilege is
claimed are defined as follows:

1. A process for starting a gas-phase olefin polymerization reaction for producing a
particulate polyolefin by polymerizing one or more olefins in a multizone circulating
reactor,

wherein the multizone circulating reactor comprises

- avertical first reactor zone and

- a vertical second reactor zone, which is equipped with a throttling valve at the

bottom, a line for discharging polymer, and, in the upper part, means which allow

measuring the level of a settled bed of polyolefin particles into the second reactor zone,

and

- the upper region of the first reactor zone is connected with the upper region of the

second reactor zone by a first connecting part and

- the lower region of the second reactor zone is connected with the lower region of the
first reactor zone by a second connecting part; and

wherein the multizone circulating reactor further comprises

- a gas recycle line, which is equipped with a compressor and a heat exchanger for
removing the heat of polymerization and which connects the top of the first reactor

zone, the top of the second reactor zone or the first connecting part with at least

- a riser gas introduction point for feeding a riser gas at the bottom of the first reactor

zone,

- a dosing gas introduction point for feeding a dosing gas into the second reactor

zone above the throttling valve; and

- optionally a transport gas introduction point for feeding a transport gas to the second

connecting part at the end of the connecting part, which is connected with the lower
region of the second reactor zone,

comprising the steps of

a)  providing a multizone circulating reactor being filled with a reactor gas at a pressure
from 0.1 to 20 MPa and a temperature from 20 to 200°C and containing no
polyolefin particles,
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c)

d)

g)

26 PPH

conveying the reactor gas from the top of the first reactor zone, the top of the
second reactor zone or the first connecting part through the gas recycle line to the
riser gas introduction point, to the dosing gas introduction point and optionally to the
transport gas introduction point;

feeding a particulate material comprising a polymerization catalyst and optionally
polyolefin into the multizone circulating reactor;

controlling the gas flow in the second reactor zone by adjusting the opening of the
throttling valve and the flow rates of the gas fed to the riser gas introduction point, to
the dosing gas introduction point, and optionally to the transport gas introduction
point so that the upwards gas velocity in the bottom part of the second reaction zone
is lower than the terminal free-fall velocity of the particulate material fed into the
multizone circulating reactor;

optionally feeding one or more olefins to the mulitizone circulating reactor and
reacting the one or more olefins in the presence of the polymerization catalyst to
polyoclefin;

feeding, with a closed polymer discharged line, one or more olefins or a particulate
material comprising a polymerization catalyst and polyolefin or one or more olefins
and a particulate material comprising a polymerization catalyst and polyolefin into
the multizone circulating reactor until the weight of the particulate polyolefin in the
second reactor zone is higher than the drag force of the upward moving gas and a
settled bed of polyolefin particles forms:

thereafter, controlling the circulation rate of the polymer particles within the
multizone circulating reactor by adjusting the opening of the throttling valve and
adjusting the flow rate of the dosing gas, optionally discharging polyolefin and
controlling the feeding rates of the one or more olefins and the particulate material
comprising a polymerization catalyst and polyolefin into the multizone circulating
reactor and the rate for the optional discharge of the produced polyolefin in a way
that the combined amounts of introduced polyolefin and olefin(s) are higher than the
amount of discharged polyolefin until the level of the settled bed of polyolefin
particles reaches the upper part of the second reactor zone;
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h) thereafter, controlling the circulation rate of the polymer particles within the
multizone circulating reactor by adjusting the opening of the throttling valve and
adjusting the flow rate of the dosing gas, discharging polyolefin and controlling the
feeding rates of the one or more olefins and the particulate material comprising a
polymerization catalyst and polyolefin into the multizone circulating reactor and the
discharge rate of the produced polyolefin in a way that the combined amounts of
introduced polyolefin and olefin(s) are balanced with the amount of discharged
polyolefin.

The process of claim 1, wherein the first reactor zone is a riser, in which growing polymer
particles flow upwards under fast fluidization or transport conditions.

The process of claim 2, wherein in step d) the upwards gas velocity in the first reactor
zone is higher than the terminal free-fall velocity of the particulate material fed into the
multizone circulating reactor.

The process of claim 1, wherein the first reactor zone is a reactor zone, in which the
polymerization occurs in a fluidized bed of growing polymer particles.

The process of any one of claims 1 to 4, wherein in step f), a liquid hydrocarbon which
vaporizes under the conditions within the second reactor zone is fed into the second
reactor zone.

The process of any one of claims 1 to 5, wherein the particulate material comprising the
polymerization catalyst and optjonally polyolefin is fed into the lower part of the first
reactor zone or into the second connecting part.

The process of any one of claims 1 to 6, wherein the throttling valve is a butterfly valve.
The process of any one of claims 1 to 7, wherein the reactor gas comprises one or more

alkanes having from 1 to 10 carbon atoms and the amount of alkanes having from 1 to
10 carbon atoms in the reactor gas is from 30 to 99 vol.%.

The process of any one of claims 1 to 8, wherein the particulate material is a pre-
polymerized polymerization catalyst.
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The process of any one of claims 1 to 8, wherein the multizone circulating reactor is part
of a reactor cascade.

The process of claim 10, wherein the particulate material comprising the polymerization
catalyst is a polyolefin produced in a polymerization reactor arranged upstream of the
multizone circulating reactor.

The process of claim 11, wherein the polymerization reactor arranged upstream of the
multizone circulating reactor is a fluidized bed reactor.

The process of any one of claims 1 to 12, wherein the polyolefin is an ethylene polymer

prepared by homopolymerizing ethylene or copolymerizing ethylene with one or more
comonomers.,

The process of any one of claims 1 to 12, wherein the polyolefin is a propylene polymer

prepared by homopolymerizing propylene or copolymerizing propylene with one or more
comonomers.

A process for producing a polyolefin by polymerizing one or more olefins in a multizone
circulating reactor, wherein the polymerization reaction has been started by any one of the
processes of claims 1 to 14.

CA 3047847 2019-11-01
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