WO 2008/141965PCT/EP2008/055810 SLURRY PHASE POLYMERISATION The present
invention is concerned with a means of transferring slurry phase olefin polymers. Slurry phase
polymerisati®i®abesahingsts very well known, wherein an olefin 5Smonomer argCGyRinsadlpsetin
comonomer are polymerised in the presence of a catalyst in a diluent in which the solid polymer
product is suspended and transported. Two or more reactors are typically used in such
polymerisations when it is desired to produce a multimodal product, in which a polymer made in a first
reactor is transferred to a second reactor, where a second polymer having different properties to the
first polymer is made in 10the presdag&Bif eV RIS dlH0Me desirable to connect two
reactors making mapemadal AANINEES 11 pIRELIReAte;a.auing menamedal mulimadal iaay or to
increase the flexibility of two small reactors that individually may ack the scate to be economically
viable. Slurryopirasespolymerisations are typically earned out at temperatures in the range 1550-125C
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Shurry phase polymerisations are typically carried out at temperatures in the range
15 50-125°C and at pressures in the range 1-100 bara. The catalyst used can be any catalyst
typically used for olefin polymerisation such as chromium oxide, Ziegler-Natta or
metallocene-type catalysts. The product shury, écmpﬁsing polymer and diluent and in
most cases also catalyst, olefin monomer and comonomer can be discharged from each
reactor intermittently or continuously, optionally using concentrating devices such as
20 hydrocyclones or setiling legs to minimise the quantity of fluids withdrawn with the
polymer.

There are various options for transferring the active polymer sturry from one
reactor to another. However, particularly in the case where the polvmers being made in
each reactor are different, the transfer is often difﬁcuii because it is desirable to control

25  the polymerisation mixture in each reactor independently and therefore to remove from the
stream exiting the first reactor any component thét is undesirable in the second reactor.
Several methods have been disclosed in the literature to operate such a transfer. For
example, US 2001/0018499 describes a process in which most of the hydrogen present in
the first reactor is removed by relieving the pressure of the suspension before sending it to

30 the second reactor. US 5639834 describes a process wherein a comonomer-rich
suspension formed in the first reactor is drawn off from this reactor by means of setiling

legs, and a concentrated suspension sent to the second reactor in which the amount of



suspension formed in the first reactor is drawn off from this reactor by means of settling legs, and a
concentrated suspension sent to the second reactor in which the amount of WO
2008/14196GRCGEdER20§8/055810 2 comonomer has been reduced. US 46$250drdangstaesia process
in which the suspension formed in the first reactor ig washed by a liquid counter-current in an
exchange zone before being sent to the second reactor. US 2001/0018500 describes a continuous
polymerisation process wherein a suspension of polyethylene particles, withdrawn from 5the first
reactor, is sent to a hydrocyclone separator where it is separated into a concentrated suspension that
is sent to thecﬁﬂﬁﬁ@@hmeaatdfe@nﬁéatﬁte&ammeihgdmiblﬂmerﬁrﬂwsismtﬁatﬂyﬂemeﬂstmthe first
polymerlsat e is no disclosure of the exact location of the.hydrocyclone separator in the
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15  dimensions and configuration as well as the type of shury being transferred In large
plants, where it may be desired to connect two reactors which are separated by a significant
distance, the transfer line may have to be relatively long such that the effect of vanations in
pressure drop under differing transfer flows is increased. As a result, careful design of the
transfer line between the reactors is reguired in order to maintzin reliable polymer flow

20 across the full range of desired operating conditions.

One solution to the above probiem is to increase the velocity of the stream by using
a smaller diameter line. But this can lead to an unacceptably high pressure drop along the
line. We have found that the problems with sedimentation and fouling in the transfer ine
between a polymerisation reactor and a downstream vessel, particularly a second reactor,

25  canbe reduced by an arrangement in which the length of the fransfer line through which
the flow-rate of the slurry is the same as that entering the downstream vessel is minimised.

Accordingly in a first aspect the invention provides a process for transferring a
shurry stream containing polymer through a transfer line from a polymerisation reactor to a
downstream vessel, wherein prior to entry into the downstream vessel the shurry stream is
30 separated into two flows, the first flow being recycled upstream of the flow separation and

the second flow being passed into the downstream vessel, wherein the flow separation is



the second flow being passed into the downstream vessel, wherein the flow separation is WO
2008/141965PCT/EP2008/055810 located more than halfway along the transfer line between the
reactor and the sqwRsiseam vessel. Usually the downstream vessel is apggeprshpalveresisation
reactor, and it is also preferred that the first flow is recycled upstream of the flow separation by being
passed 5back into the first reactor. However if the first reactor is one of a number of reactors in series,
the first flow may be recycled back to an earlier reactor in the series. It is of course a consequence
of the above arrangement that the mass flow rate of the slurry entering the downstream vessel is lower
than that leanisgdbenfirstireadianas pavk ofitbe daviehasdeen. divarieddabe saeyaleshvpsiteam. We
have found that by employing a 10higher mass flow rate in the majority of the line and then reducing it
- by the parti&i*ficw diversion - to the desired rate prior to entry into the downstream vessel, it is
possible to operateiihgspoHtiRuohihe-tansiesing vasteamaliheflansiveision ataisiffigiently high
flow rate to avoid or at Iea%;p%gni icantly reduce fouling and/or agglomeration. Correspondingly, the
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20polymer-containing slurry from the first reactor 1o the downstream vessel, the flow separation occurs
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flow separatignhwhish issvereitheredsihe greatbririskobiou Mg assedimantation, Hnhispraferked that
the length of the transfer line between the first reactor and the 95location of the flow separation (ie
gl e e A S A e
location of thigvBesssepanaticrdiedennstiean alihdmeiticaldonsseparatian), suchdhabibe flow
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the point of fiow 2dsepartalid bhsdtisasitatetinies ¢aate oyinsizend of dpglpeitatAow separation.
Most preferred is that the Ient%teh of the trg sfer Iinerulpstream af the f|0V\i sep Br]z;}tion |s at least ten

times that dStWwHESREL) Hﬁg@'ﬂ %%%‘gl‘%lﬁ e {rans me operating at a rejatively low tlow-rate
15 where fouling and/or sedimentation problems may be significant is minimised.

Locating the flow separation more than halfway along the transfer line between the
reactor and the downstream vessel méans that the length of the transfer line between the
first reactor and the location of the flow separation is greater than that between the
downstreamn vessel and the location of the flow separation, and thus in the passage of the

20 polymer-containing shury from the first reactor to the downstream vessel, the flow
separation occurs after halfway. Accordingly less than half of the transfer line is subjected
to the lower flow rate afier the flow separation, which is where there is the greater risk of
fouling or sedimentation. :

Tt is preferred that the length of the transfer line between the first reactor and the

25 location of the flow separation (ie upsiream of the point of flow separation) is at least twice
that between the downstream vessel and the location of the flow separation (Je downsiream
of the point of flow separation), such that the flow separation is effectively located two
thirds of the way along the line. More preferably the flow separation occurs 80% of the
way along the line, such that the length of the transfer line upstream of the point of flow

30  separation is at least four times that downstream of the point of flow separation. Most
preferred is that the length of the transfer line upstream of the flow separation is at least ten

times that downstream the flow separation.



WO 2008/141965PCT/EP2008/055810 4 The main advantage of the invention is that the portion
of the transfer line having a low flow rate and hence being at most risk of fouling can be minimised.

A further adviantage rfithe invention is that whilst the flow rate downstream ef thefloessefaoation can
be varied according to the required input into the downstream vessel, 5by corresponding variation of
the amount of recycle flow it is possible to minimise the variation in the flow rate upstream of the flow
separation; for example, if the input into the downstream vessel is required to increase, a
corresponding reduction in the recycle flow could ensure that the upstream flowrate does not need to
change. Accordingiphinmaspieiriacthgmifatimientnfdhésitventiopottienaveliage deferdiecivaiany 5

minute periqd 1Qupstream of the flow separation vari less than 50%,. preferably by less than 10%,
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15  embodiment of the invention the first flow is recycled back into the transfer line upstream
of the flow separation instead of being passed back into the first reactor. This effectively
creates a recycle loop having a residence time. Like the rest of the transfer line, this recyéle
loop may contain active polymer, and it 1s preferred that the polymer production in the
recycle loop component of the transfer line is between 0.2 and 5 Y%wt, preferably less than
20 2%wt of that in the polymerisation reactor. The average polymer residence fime in the
recycle loop, which is the mass of polymer in the recycle loop divided by the production.
rate, is preferably between 15 seconds and 20 minutes, and more preferably between 30
seconds and 5 minutes. The residence time may be lengthened by incorporating in the "
recycle loop a stirred tank, which may optionally be cocled. The recycle loop itself may be
25  cooled and may have additional monomer added to it to maintain polymerisation activity.
Usually no additional comonomer or chain transfer agents are added, which means that the
continuing polymerisation in the recycle loop consumes that which 1s present, leading to :_a
reduction in the concentration of these reagents. This is one benefit of incorporating such a
recycle loop. :
30 Accordingly a second aspect of the invention provides a process for transferring 2

shurry stream containing polymer through a transfer line from a first polymerisation reactor

to a downsiream vessel, wherein prior to entry into the downstream vessel the slurry



WO 2008/141965PCT/EP2008/055810 5 stream is maintained under polymerisation conditions so as
to reduce the concentration of at least one of the reagents present in the stream by at least 50mol%,
preferably atleasb®@mai% whilst increasing the mass of the polymer presergdrtbezsisaassioy no more
than 5wt%, preferably no more than | wt%, prior to igitroduction into the downstream, Spreferably
polymerisation, vessel. It is also preferred in the first aspect of the invention that prior to entry into the
downstream vessel the slurry stream is maintained under polymerisation conditions so as to reduce
the concentration of at least one of the reagents present in the stream by at least 50mol%, preferably

- at least 90munt@awiiilsidintegasing:dhe pubsseoisthpolymitiopesent fo théustdantdycaamane dhan
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the ot of T S B e e M e e
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concerate T B L B S e R SR e e
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reducing the concenyalianof 5. eadents ARG NNt from e pelymetisation.epciofin e feed to
the downstream vessel: in the usu case where the downstream vessel is a’second reactor, it is
often desiratteciabirbigperderitdyhcontvel oe Hotivr coad nipneimeadhweabtopsystdin disohiavindethe

Zbri:ic?[/ ;o Vr\nllcr)a@3@3&)@@@@&@%@3{%@&‘%?%@&%%ctor to another. Where the downstream reactor
15 The residence time for the polymer produced in this aspect of the invention is
preferably between 30 seconds and 20 minutes, and more preferably between 1 and 5
minutes. |

Preferably the reagent whose concentration is reduced is a chain transfer agent or

comonomer. It is also preferred that the polymerisation is carried ocut at a pressure of at
20 least 90% of that in the first polymerisation reactor.

In a preferred embodiment of the invention, a solids concentrator, usually a
centrifiigal solids concentrator and most preferably a hvdrocyclone is located at the point
of flow separation in the tra‘ﬁsfer line. Where the solids concentrator is a hydrocyclone, the
flow into the downstream vessel constitutes the base flow from the hydrocyclone, and the

25 recycled flow upstream constitutes the overflow from the hydrocyelone. The function of
the hydrocyclone is to concentrate the slurry stream, and it is the concentrated stream
which passes to the downstream vessel whilst the excess diluent is recycled upstream, eg to
the first reactor. This provides a means of reducing the concentration of the reagents and
diluent from the polymerisation reactor in the feed to the downstream vessel: in the usual

30 case where the downsiream vessel is a second reactor, it is often desirable to independently
control reaction conditions in each reactor system by having the ability to minimise

crossover of reagents from one reactor to another. Where the downstream reactor is not a



6 slurry phase reactor it is often also desirable to reduce the quantity of diluent introduced into it. In
another preferred embodiment of the present invention, a pump may be located in the transfer line
upstream of ¥fé 388fit4dffow separation. This can permit an increase in SthePtotALTEARIIGEIAe transfer
line and/or an increased pressure in the second reagtor. Alternatively the pump may be located in the
recycle line, between the flow separation and the end of the recycle line. A preferred type of reactor
utilised for such polyrnerisations is a loop reactor, which is a continuous tubular construction
comprising at least two, for example four, 10vertical sections and at least two, for example four
horizontal sétiion Sk Redebl o Rivensatidesislipitatylrembeeth using dfdilsct eiuahgedwith a
cooling mediym, preferably water, in jackets surrounding at least part of the tubular loop reactor. The
volume of one loop reactor in a multiple reactor system can vary but is typically in the range
10-200m3. It is preferrsdthsarmtpol enevishtiomtedtiomutiisedrivetipresemplBanveritionad a loop

reactor. In S%&Qi@%?ﬁaftli%ﬁxg%%%&ﬁ O%lggy%@%%% a%%w g Itt?’ﬁé t(ﬁgpr{g%%% lllnto the

transfer line at a point dow in pump in the loop, an oW W
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polymerisation reactor. This enables addition of furtherd uent in’order to increase e rate e flow
into the sec@#ﬁ%@fdﬁ@f?@éﬁé@éﬁw and also for use in the second reactor. In one embodiment the

flow separation is cenalled by, 008 AMAENANES IoFaled B8ihepalnl AL fiow asparaian, which can

adjust the relative rates of the two flows after the 25separation. A three-way valve is typically
employed. THE#ai¢e eantindesirelrshucots somisieriynatinmnataicd sraiviverterseeomisdawtor or the

recycled flovdadbesfistieaciar {4l fiow f9-theapRondLiaRsion s eomplstely cunolf g any time.

additional diluent can be introduced through the inlét downstream of the separation to flush through
any residuaPslyFRgriserratsrapigaia iareevednsiaswiirshardenss 1o ibeateclagariodiemelevation than

the point of flueseparation shehihal hedlowiiiem BSPRIRt o dowEERRTRIBRI g Klownstream

vessel is assisted by gravity.
volume of one loop reactor in a multiple reactor system can vary but is typically in the

range 10-200m’. It is preferred that the polymerisation reactor utilised in the present
15  invention is a loop reactor. In such a case, it is preferred that the slurry stream is drawn off
from the loop reactor into the transfer line at a point downstream of the main pump in the
loop, and that the first flow which is retumned to the reactor enters the loop upétream of the
pump. |
A diluent miet may be located downstream of the flow separation, particularly in
20 the case where the downstream vessel is also a polymerisation reactor. This enables
addition of further diluent in order to increase the rate of the flow into the second reactor if
necessary, and also for use in the second reactor.
In one embodiment the flow separation is controlled by one or more valves located
at the point of flow separation, which can adjust the relative rates of the two ﬂ’ows after the
25  separation. A three-way valve is typically employved. The valve can if desired shut off
completely either the flow to the second reactor or the recycied flow to the first reactor. If
the flow to the second reactor is completely cut off at any time, additional diluent can be
mtroduced through the inlet downstream of the separation to flush through an};r residual
shurry. ‘
30 Preferabiy the inlet to the downstream vessel is located at a lower elevation than the
pomnt of flow separation such that the flow from the point of flow separation isito the

downstream vessel is assisted by gravity.



WO 2008/141965PCT/EP2008/055810 7 The present invention is particularly useful in cases
where the solids content of the slurry is above 20vol%, particularly above 30vol%, for example 20-40

vol%, wheremog,is;dpfined as [(total volume of the slurry - volume of the sugpgagigsmediam)/(total
volume of the slurry)]x100. It is in such cases that tlae risk of fouling or agglomeration in 5the transfer

line is greatest. It is important that the velocity of the slurry in the transfer line is above the
minimum settling velocity for the slurry. Preferably the velocity of the slurry in the transfer line
upstream of the flow separation is from 2 to 30 ms-I, and more preferably from 5 to 15 ms-1.

Downstream of the flawseparaticn # ¥elasithisRelesably an 64020 RS kRNt ANmarerpreferably

from 8 to 15 ms-i. A high veloci% causes a high pressure drop per unit length, which for long transfer

lines obviouSRiSIRRR K BsdiatE el He ol 4 re thegheke &8 ehé ortiesadlgntages of
the present jovention is E{t@&@%@eﬁﬁ% Bﬁﬁ@@Eﬁ@fﬁ%ﬁ@@@@&@%ﬂ@w&ﬁg%@iaﬁﬁg&@w separation
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is relatively small, such high pressure drops and high velocities in that portion of the line are in fact
possible beé’&hggﬁl@ﬁﬁ%ﬁ@m}%%méw%w SRS thatphedathk @ Uy aE B3 amEHBIONAR. This
may not be prssiblgdf ityugrenagessary to have such velocities along the entire length of the transfer
line, since it would imply a much higher absoluteé)ressure drop. This benefit of the invention is

particularly useful i thE6aSERIHERS eV e parbtsRISpE BRHaRYSY A% itrbeyRcBRtrator, so that
the downstreanimselidsaantentiscyerchiab sR0H eletalarssuregiop.hatwrenine firslanghseeond

reactors is typically between | and 2 bar, although it is often desirable to minimise this. It is preferred

that 40 - 80 BOFRHEEPpHRe SR BB Bisih ST HSe 210 s e BBA AU HBTEBEEUIOBR AR LR the first

reactor and+he flownseparation Mathdhe:eslaine20:160iPp i9gebrangibetwaanthenfigw sgparation
and the downstream vessel, Thus it is preferred that the pressure drop per unit 25length is greater

downgtfeant 8 GRS SRRSO AT s e kif! THEHBS GRS i SN R BB IIRMEFRERT of the flow
separation igprgfesabhn lessishan e TS savcheachisned Dy ehangingdhe-aapn@iy abihe

transfer line downstream of the flow separation. In the case where the slurry contains more than

30vol% soliths & pHeverret drarhb ¢ aherieaa of e MReRaSvAiaR iR RS Gty dsdife drop

across the tsansierdire:slat pashation alsdARnddpZetd dRa iMherasiRl, is.Hienpsrssure drop at
production rate Pl and dP2 is_the pressure drop at production rate P2, and P1 is %eater than P2) is

less than (FXFE5378 JEPBFTADRAR YRlEHRa M PPTB ghiFolt Brefdr sl PRESHB 8T RCL.5.

15 they require a relatively low absolute pressure drop across the whole line. This may not be
possible 1f it were necessary to have such velocities along the entire length of the transfer
line, since it would imply a much higher absolute pressure drop. This benefit of the
invention is particularly usefidl in the case where the flow separation is performed by a
solids concentrator, so that the downstream schids content is very high.

20 The total pressure drop between the first and second reactors is typically between 1
and 2 bar, although it is often desirable to minimise this. It is preferred that 40 - 80 % of
the total pressure drop between the first and second reactors occurs between the first
reactor and the ﬂfﬁ)w separation, with the remaining 20 - 60 % ccourring between the flow
separation and the downstream vessel. Thus it 1s preferred that the pressure drop per unit

25 lengih is greater downstream of the flow separation than upstream. The absolute pressure
drop downstream of the flow separation is preferably less than 1 bar, This may be achieved
by changing the geometxy of the transfer line downstream of the flow separation.

In: the case where the slurry contains more than 30vol% solids, it is preferred that
the transfer line is arranged such that the ratio of the pressure drop across the transfer line

30 atproduction rates P1 and P2, dP1/dP2 (where dP1 is the pressure drop at production rate
P1 and dP2 is the preésure drop at production rate P2, and P1 is greater than P2) is less
than (P1/P2)%, preferably no more than the P1/P2, and most preferably no more than 1.5,



WO 2008/141965PCT/EP2008/055810 8 One of the major benefits of the present invention is to
enable the use of longer transfer lines between reactors. The total length of the transfer line between
the two reacipns:meey nedeetween 5m and 500m, but lengths of 20m to 200nparesrs /tyainal, and the
most preferred length is less than 100m. Preferablygthe length of the transfer line downstream of the
flow separation is no more than 20m, preferably no more than 10m, and most preferably no more than
5m. Optionally both the transfer line and recycle line may be cooled. This can assist in controlling
any polymerisation taking place. In a third aspect, the invention provides a process for transferring a
first slurry 10streanpeeniginingfohaesiiroogh: artensferdnedrorra Wm&aﬁ@af@a{g@r toa
downstream vessel, wherein prior to entry jnto th downs am vess la second s stream which
125 becn 16l 151 SO B i B a0 RS SRR P A e SUEOHE sorry
introduction ﬂ;@mgrmﬁgeaéeaméaﬂﬂﬂamaﬁm@nMhm&@mﬁ@mﬁ m@mieaa@@%mm point
of recycling downstrea cond slurry stream is prefer drawn from the stream vessel
itself, in whi¢A®CREa" n%g?fgg‘ﬁ%%}& I %ﬁnﬁéﬁﬁrﬁ? %@%i‘?’ﬂ&ﬁﬁkégﬁgla ‘f‘f eIength of line
between thedsseaanesivay:inmsucion-andthepeirotissyaingaanstieamis b usthecen gl
between the second sl introductjon and the downstream vessel. Alternatively, the second slurry
stream can %O%ifﬁﬁi%ﬁ%ﬁﬁig%ﬁ%% %‘m the transfer 20line itself, in which case the length of line
between the secondslignylinthaciitimaniiiiepaidtet yetytingmaows sserm Bléaleulaieskirom that
downstream Wlth rawal oint. It is.possible that the second slurry stream is sourced fi-om both
locations, in SRAIE %@ %?E'E % Hid%fvention is the distance between the second slurry
introduction and thmwnﬁt@agmty\ﬂﬁbdﬁawimmbwdeg@@@t@tﬁrfeﬂtm@fﬁﬁﬁﬂgmgﬂﬁs@mmyransfer line
betwezg the first reactor and th oca on of the se ntro uctlo stream of the location
of the S&cont & Vﬁ%ﬁ%&ﬂ%ﬁ% Sﬁé St rﬁiﬁrﬁﬁ %e easgq 5?& Fagi%i 8st preferably
less than a Mh}sﬁ‘bﬂmtvb@weﬁhdﬁmwﬁ of canyding ﬁﬁevdnsmeammn&gm secometisily
introduction. 30Th|s f the inve a related advanta e first aspect in that by
varying of L] YT SRy Bt a7 A 3Ot ey TR T AL S A P
downstreamtliaf $lamsdaﬂmdyslumdumm&ﬁimg kaatbe Imaittaiiedielatively the transfer line

between the reactor and the point of recycling downstream.

15 The second slumry stream is preferably drawn from the doW}xstream vessel itself] in
which case the point of recycling downstream 1s the downstream vessel, and the length of
line between the second shurry introduction and the point of recycﬁng downstream is thus
the length between the second shury introduction and the downstream vessel.
Alternatively, the second slurry stream can be withdrawn downstream from the transfer

20 lineitself, in which case the length of line between the second shirry introduction and the
point of recycling downstream is calculated from that downstream withdrawal point. It is
possible that the second shurry stream is scurced from both locations, in which case the
relevant length for the invention is the distance between the secend; slurry introduction and
the downstream withdrawal point.

25 It is preferred that the length of the transfer line between the first reactor and the
location of the second slurry introduction (1e upstream of the location of the second shurry
introduction) is less than half, preferably less than a quarter, and most preferably less than
a tenth, of that between the point of recycling downstream and the second slurry
introduction.

30 This aspect of the invention has a related advantage to the first aspect in that by
varying of the amount of recycied sturry introduced at the second shurry introduction, the

flow rate downstream of the second slurry introduction can be maintained refatively



WO 2008/141965PCT/EP2008/055810 9 constant, despite any variation in the flow rate upstream of
the flow separation. Thus for example, if the output from the upstream polymerisation reactor
decreases, woamespansing increase in the second slurry stream could enswetihatéheadssvnstream
flowrate entering the downstream vessel remains rglatively constant. Accordingly in a Spreferred
embodiment of the invention, the flowrate downstream of the second shiny introduction does not vary
by more than 50%. It is also preferred that the pressure drop between the second slurry introduction
and the downstream vessel does not vary by more than 30%. Whilst it is possible to drive the recycle

loop of the seaend:siuuptistreampBidgrihie 1O resswesipmactIssafionwnsgiieantr caaiorfioop
circulation pump (in the case where the downstream vessel is a loop reactor), it is preferred that one or
both of the G i TURHSR R TG EAOR RINERGE HERRATICHB FBLEA Arportant that the
velocity of therstestndiihenbiansien lihe isaavedhe streminnimhsetiinthyelpciydertheslurry.
Preferably the velocity of the slyrry in the transfelr 15line dolvvnséé%am of the second s}ur,ry introduction
is from 2 to 3O°ARLS CRISG RS g?é}’r’é’ﬁé‘iﬁ%éiﬁ?% TR AV OB SREEBT) - thE TR of'the transfer

line upstreanpctfthe seBobthsh Bf Eddustionnsinoflveratthanameanaie rabheosningte:than 10m,

and most preferably no more than 5m. Preferably pressure drop in this section of line is less than 1
par andior G0 ORIGHAY LESBRbIGTED Y SERLIE L Thd A6 G- B o Sy BEHROLRRLS and 40

ms-i.  Wednavenalaosteund shatyhetisiuetitoulng te pluggingdm thesisdidstariine ingleasesavith the
length of th ”n?ﬁ/nd therefore it is preferred to minimise the length of the line. A fourth aspect of
the invention 18 §imfar to a combination of features of the first aspect of the invention and features of
the third aspect of Wikiisniehiienisiidwnstidaniod aRololvaepariatioscasdniibe/fistaspebipiihe
inventf'%n, a second slurr strear% which has been r%cg/cled frogn downstzea is introduced into the first
Slurry Sloarh S R T ASgLLOBFHESTHOARRGR, REBCTAIRU S URA ASHEEESr HE T Bhion
provides a gdracess:fon transfesririgapsiirysirenns saftamihtpalyimer tuthughta tpisfenlne from a
polymerisatéon reactor to a do nstr%am V(?%Sd , é/{\{herein prior to entry into the downstream
ownsiream recycle loops have dedicated pumps.
It 1s important that the velocity of the shurry in the transfer line is above the
minimum settling velocity for the sharry. Preferably the velocity of the slumy in the transfer
15 line downstream of the second slurry introduction is from 2 to 30 ms™, and more
preferably from 5 to 15 ms™.
Preferably the length of the transfer line upstream of the second slurry introduction
is no more than 20m, preferably no more than 10m, and most preferably no more than 5m.
Preferably the pressure drop in this section of line 1s less than 1 bar and/or the velocity is
20 preferably between 10 and 100 ms™, most preferably between 15 and 40 ms™.
- We have also found that the risk of fonling or plugging in the transfer line increases
with the length of the line, and therefore it is preferred to minimise the length of the line.
A fourth aspect of the invention is similar to a combination of features of the first
aspect of the invention and features of the third aspect of the invention: downstream of a
25  flow separation as in the first aspect of the invention, z second sluiry stream which has
been recycled from downstream is introduced into the first slurry stream as in the third
aspect of the invention. Accordingly the fourth aspect of the invention provides a process
for trarisfemng a slurry stream containing polymer throogh a transfer line from a
polymerisation reactor to a downstream vessel, wherein prior to entry into the downstream
30 wvessel the shurry stream is separated into two flows, the first flow being recycled upstream

of the flow separation via a recycle line and the second flow being passed into the



30vessel the slurry stream is separated into two flows, the first flow being recycled upstream of the
flow separation via a recycle line and the second flow being passed into the WO
2008/141968RPCHERZ06B/055810 10 downstream vessel, and a third slurryP§ttearataiRehsihis been
recycled from downstream is introduced into the sggond flow prior to its entry into the downstream
vessel. As in previous aspects of the invention, the downstream vessel is preferably a second
polymerisation reactor. It is preferred that the first flow is recycled upstream of the 5flow separation by
being passed back into the first reactor, and it is also preferred that the third slurry stream is drawn
from the downwtezeamassetiitsaii a thidsiwthetfireraspudt bithednveriided &oolidisvooeantritor,
usualy a ceplifiga solids SUNERIAREA R oSt RIGIRLRR, HbianKong aube located at the
point in the transfer line where the slurry stream Is sepdrated into first and second flows. 10In one
embodiment of all dspeascaiciedsnasitiohthsdrvsnaiiofittelransimaandtordie pecfcbline(s) is
cooled, pref : ing I IE | nding
at least part%f@!‘%!&eé ﬁ%ﬁ%@@éﬁﬁg %ngszepgtﬁg#éﬁ?eg %I%g3 gfg e to cﬁﬁ%lﬁggﬁ%ﬁgﬁ%ﬁﬁ#}e in
order tc confleaspsehtinbingspetymertstitotk wicherfayioseaionpifitisyeluireditoradithatiditional
cooling to that,af dhe-1 SHpSGaMIEACL(aRdhe GRAET-SIYLn;hg dransfer line may be recycled to
the upstream reactor: In another embodiment, a catalyst feed or feeds may be introduced into the
transfer or recycle fiianiijeétinipepeatyst batsiventhoresciolwininnsestoiessilof pheggitgeet
agglomeratign;at e&u%@%rmsr'%ﬁ%%et%@g@&raﬁgﬂg%@a%wsﬁg}%ﬁ@f&%& A apolship gapelow the
temperature of the main reaction zone(s), or in'the case when a solids concentrator is employed, the
injection poitisiRy tite soliefs-lbaniveryelesndansparatd Jelpdiotiiad satiodifens; part or all of any of
the reqgent feeds, sush.as hisiprinciRalimonameriesd o ansAr AIHRE JRaFAIS isiakadyagd into the

transfer or recycle line. introducing reagents outside the reactor(s) permits enhanced dispersion of the
the recycle line(s) is cooled, preferably by means of a cooling medium such as water

passing through jackets surrounding at least part of the line. This feature is useful if it is
desirable to control the temperature in the line in order to control any continuing
polymerisation which may occur, or if it is required to add additional cooling to that of the

15 upstream reactor (as the cooled siurry in the transfer 1iné may be recycled to the upstream
reactor.

In another embodiment, a catalyst feed or feeds rﬁay be iniroduced into the fransfer
or recycie line. Injecting catalyst outside the reactor minimises the risk of plugging or
agglomeration at or near the injection point, particularly if the line at that point is cooled to

20  below the temperature of the main reaction zone(s), or in the case when a solids
concentrator is employed, the injection point is in the solids-lean recycle stream.

In yet another embodiment, part or all of any of the reagent feeds, such as the
principal monomer feed, to one or all the reactors is intrééucad into the transfer or recycle
line. Infroducing reagents outside the reactor(s) permits enhanced dispersion of the

25 reagents into the closed reaction loop, and minimises potential for plugging or
agglomeration at or near the feed point for the same reasons as outlined above in respect of
catalyst injection.

Preferred embodiments of the various aspects of the invention are shown in more
detai] in the drawings. :

30 The first aspect of the invention is shown in Figure 1. A loop reactor 1 having a
pump 3 produces a polymer-containing slurry stream which is drawn off through a transfer

line § to be passed into a downstream vessel 7, which is usually a further loop reactor. The



25reagents into the closed reaction loop, and minimises potential for plugging or agglomeration at or
near the feed point for the same reasons as outlined above in respect of catalyst injection.

Preferred emibodiimentsssf the various aspects of the invention are shown nitfré/ BBIa#H5H¥Edrawings.
30The first aspect of the invention is shown in Figurg 1. A loop reactor 1 having a pump 3 produces a
polymer-containing slurry stream which is drawn off through a transfer line 5 to be passed into a
downstream vessel 7, which is usually a further loop reactor. The WO
2008/141965PCTTP2008/055810 11 flow of the slurry stream along the transfer line is separated at
point 9, fronfisvhefalpashuofitihe strealorns teryeedaribitins sapatidintedie Rdutor wheissersboh of the
pump 3, and the remainder of the. stream, contin sé{%r ine, 13. el 7. A
key part of %3 igiﬁkeen i%snr?g}félg p‘élsaitilionrﬁrrlfg% %%fﬁ?oé a o%%%t g%réﬁéﬁ&%gﬁg&%\% %{;&ee}?érfgf%%qtﬁf?at 5point
9 is locatedssuetirifhat difiéSsisesignifietintiys dmgegthbreliiein®. Optowatireahydresydohdeapte
located at pojnt 9, such.that the concentrated fl ' ssel 7, and
the clont SUaTToh By b O B B e
inventién, irpwihichirdogatedinet thig istamiecsigtofiveatyitmeadt uibbirngldofivsieredlback to the reactor
| 10Figure 3 o ARAElAlve ey ases! aldheINERIBRILWINGD RA0TIA Rk i, (he
downstream Vessal & second slurry stream which has been recycled from dowhstream is introduced
into the firstislary stréamsiretoe casel ilustdtbd diwgieeaiite frsoaiday wwdim dxits polymerisation

reacor 20 via e ias(os s 22 WIIEh 3 NG ALPOIL2ADR LIS, B poniainig srfrher

polymer-containing sfurry stream 1 een recycled from upstream. In this case, the further
stream has be@rreenyet i froinaticiuieadsticzein gessebo8 kit ideseeend bolymerisation reactor.

The merged streamg.condae don,ine. 3040 e secand repaler AR ndhis asnestobie iysnton, t

is preferred that poi is located such that line 30 is Significantly longer than line’22. Figure 4 shows
the fourth aspedhefithensiventionssticseombisios tsreoncepichfhas been recycled from

downstream is introduced into the first slurry stream. In the case illustrated in Figure 3, the
first slurry stream exits polymerisation reactor 20 via line transfer line 22, which 1s joined
at point 24 by a further line 26 containing a further polymer-containing shurry stream
15 which has been recycled from upsiream. In this case, the further stream has been recycled
from the downstream vessel 28, which is a second polymerisation reactor. The merged
streams continue down line 30 to the second reactor 28. In this aspect of the invention, it 18
preferred that point 24 is located such that line 30 is significantly longer than line 22.
Figure 4 shows the fourth aspect of the invention which combines the concept of
20  flow separation shown in Figure 1 with the concept of flow iniroduction shown i Figure 3.
A loop reactor 41 having a pump 43 produces a polymer-containing shurry stream which is
drawn off through a transfer line 45 to be passed into a downstream vessel 47, which is a
further polymerisation loop reactor. The flow of the shurry stream along the transfer line is
separated at point 49, from where part of the stream is recycled via line 51 back into the
25 first reactor 41 upstream of the pump 43, and the remainder of the stream continues
through line 43 towards the downstream reactor 47. Downstream of point 49, line 45 is
joined at point 54 by a further line 56 containing a further polymer-containing shury
stream which has been recycled from upstream. In this case, the further stream has been
recycled from the downstream vessel 47. The merged streams continue down line 60 to the
30  second reactor 47, It should be noted that in this aspect of the invention, the location of

points 49 and 54 is less significant than in Figures 1 and 3.



20 flow separation shown in Figure 1 with the concept of flow introduction shown in Figure 3. A loop
reactor 41 having a pump 43 produces a polymer-containing slurry stream which is drawn off through
a transfer lingdadsheipassed into a downstream vessel 47, which is a furthegpalymesisation loop
reactor. The flow of the slurry stream along the transfer line is separated at point 49, from where part
of the stream is recycled via line 51 back into the 25first reactor 41 upstream of the pump 43, and the
remainder of the stream continues through line 43 towards the downstream reactor 47. Downstream of
point 49, line 45 is joined at point 54 by a further line 56 containing a further polymer-containing slurry

stream which has hegnégayslethiromvdpatiearn pidhig ahsepie duithensl egmihaspeen recycled

from the downstream vessel 47. The merged streams continye down line 60 to the 30second reactor

47. It shouldFOS FETEERH T AFSES BTG ThearmAaTTIoRO RIS o atibi ot porais el s fess
significant thapgRdzigideschanthsd o MR(R00%:4L36RR6 FR2A0805281Qdes withlhaspactsiaf the

invention are articulatgg/ applicable to the continuous polymerization of olefing, preferably alpha mono
b

olefins, in arft iGHG5EE R L o SR HTEE R FERH ST AR SRS HIefr S e ¥ Sthalig i sdiad to, and

contacted wiiblyaneataiysidted by eho garpea-dilspmnt nidiemanamess) polymerise to follll a slurry of solid
particulate 5polymer suspended in the polymerisation medium or diluent. Typically, in the slurry
polymerisation pro(glre"?:}.‘;é‘aia ol AGHE BOTRTHSARIM & RS VI LEihpee the HEFEUIERS polymer,

the hydrocareendlikantishiaes Mopemesls): salalst, shaiydesninaiomiaseasbydrogen and other
reactor additives In particular the slurry will comprise 20-75, preferably 30-70 weight percent based on
Fit (ST P 6 e

the 10total WATGATST thie GKF b FB R EITREAR 98T RRGPHINY PPAC Y ArsighiShertent
based on thedataliaeightotthesiuseptissspending sediln; svhersAig suspendingmeding is the

2aD: S N0 E A B ARG GBI ESBEr EHBahve-AGURE b red P Ehquid olef
monomer; vhecenieaprinsipaldiuantésanciainethdivient tha-lalin memomenwitdypically comprise
“mooth patiCBHTBLEASoR ORI TR 28 LR G Chirty 5 A FRAREr i
suspension dettigusdurylefid (i) dormeaintaimaceriitbkie tiosiiseationdcancent atioanend isalisls
oaing Sy SAReRs e s el vl 10 B il YL 25 R R e SomS
15 inert diluent the olefin monomer will typically comprise 2-20, preferably 4-10 weight
percent of the slurry.
The slurry is pumped around the reiatiﬁel y smooth path-endless loop reaction
system at fluid velocities sufficient (i to maintain the polymer in suspension in the shurry
and (i1} to maintain acceptable cross-sectional concentration and solids loading gradients.
20 Reactor size is typically over 10 m’, usually over 25m’ in particular over 50m’ for
example 75-200m” preferably in the range 100-175m’
In these and other embodiments of the present invention comprising a multiple
reactor systerm wherein at least the first of the :reacmrs is a loop reactor, the loop reactor
may have one or more characteristics of the loop reactor as set out hereinabove, The
25 second reactor may be another loop reactor or any reactor for the polymerisation of olefins,
for example a flnidised-bed reactor. However, it is preferable that the second reactor is
another loop reactor. '_
The multiple reactor system can be used to make monomodal or multimodal,
preferably multimodal polymers.
30 It one embodiment of the invention, the polymer is a multimodal ethylene polymer
having a density greater than 940 kg/m® and a melt flow index MIs of 0.05 to 50 g/10min,

said ethylene polymer comprising:



In these and other embodiments of the present invention comprising a multiple reactor system wherein
at least the first of the reactors is a loop reactor, the loop reactor may have one or more characteristics
of the loop reaetmesssesdut Ireinabove. The 25second reactor may be another pepmegastsroor any
reactor for the polymerisation of olefins, for examplg-a fluidised-bed reactor. However, it is preferable
that the second reactor is another loop reactor. The multiple reactor system can be used to make
monomodal or multimodal, preferably multimodal polymers. 30hi one embodiment of the invention, the
polymer is a multimodal ethylene polymer having a density greater than 940 kg/m3 and a melt flow

index MI5 of 0,05 tdib6: Gl emiibwsHigbetdlenalpolymier cghtprishrgethiMehe polymer, of a first
2008/141965P. R2008/055810 13 from 30.tg 70wt%, hased on.the tatal weight of the ethylene
polymer, of g?}%s%gﬁﬁ%jl%%%%%% raction %g%?n% aodcg‘r%s?taf toé%aﬁ@l& @g& ﬁé’ﬁ.ﬁiﬁﬁ §'Qﬁéﬁ?&&? index
MI2 of at leastia@sglD0zbihyrandfrdm 70 to 30wt%, based on the total weight of the multimodal
ethylene polymer, 50f a on lyethylene fraction comprising units of ethylene and optionally up to
5mol% of at least O%gné@@?oa gn‘%%"o‘%f‘% (fso% atlli}]cil’%a(%#&%ﬁ%%f%ﬂiﬁ%?é@&?ﬁ#&% ﬁ%ﬁﬂ%ﬂ?\/ index
1\412 of lessilaredd:d fidpmitnyiene SAnaiteroativeipalyniar of ahvighitrmetiapagtndiénepalyimelhaving a

density between 900 and 930 ka/m3 ng a melt.flow index MI2 of 0.1 to 20 g/10min, said.ethylene
patymer 100 bR nE o e S A GG B oo R AT e BHMGAS U, of a
first polyethytetwe IrHgtidhidsaving Bidghsityiof less than 950 kg/m3 and a melt flow index MI2 of at least

oy i o AR e R e et of

900 and 930 kg/m’ and a melt flow index My of 0.1 to 20 &/10min, said ethylene polymer

10 comprising:

from 30 to 70wt%, based on the total weight of the ethvlene polymer, of a first

poiyethylene fraction having a density of less than 950 kgf’ms and a melt flow index MI; of
at least 10 g/10 min, and
from 70 to 30wt%, based on the total weight of the multimodal ethylene polymer, of a

15 second polyethylene fraction comprising units of ethylene, from 0.1 to 20 mol% ofan
alpha-olefin containing from 3 to 12 carbon atoms, and a melt flow index M, of less than
10 g/10min.

The pressure employed in the loop, or loops will be sufficient to maintain the

reaction system ‘liquid full’ i.e. there is substantially no gas phase. Typical pressures used

20 are between 1-100 bara, preferably between 30 to 50 bara. In ethylene polymerization the
ethylene partial pressure will typically be in the range 0.1 to 5 MPa, preferably from 0.2 to
2 MPa, more particularly from 0.4 to 1.5 MPa. The temperatures selected are such that
substantially all of the polymer produced is essentially (i) in 2 non-tacky and non-
agglomerative solid particular form and (i1} almost insoluble in the dilnent. The

25 polymerization temperature depends on the hydrocarbon diluent chosen and the polymer
being produced. In ethylene polymenisation the temperature is generally below 130°C,
typically between 50 and 125°C, preferably between 75 and 115°C. For example in
ethylene polymerisation in isobutane diluent, the pressure employed in the loop is
preferably in the range 30-50 bara, the ethylene partial pressure is preferably in the range

30 0.2-2MPa and the polymerisation temperature is in the range 75-115°C. The space time
yield which is production rate of polymer per unit of loop reactor volume for the process of

the present invention is in the range 0.1-0.4 preferably 0.2-0.35 tonne/hour/m®. Where



alpha-olefin containing from 3 to 12 carbon atoms, and a melt flow index MI2 of less than 10 g/10min.
The pressure employed in the loop, or loops will be sufficient to maintain the reaction system 'liquid
full' i.e. therens sulsstantéally no gas phase. Typical pressures used 20are bepaeapieddisizam,
preferably between 30 to 50 ban, In ethylene polyrq rization the ethylene partial pressure will typically
be in the range 0.1 to 5 MPa, preferably from 0.2 to 2 IVIPa, more particularly from 0.4 to 1.5 MPa.
The temperatures selected are such that substantially all of the polymer produced is essentially (i) in a
non-tacky and non-agglomerative solid particular form and (ii) almost insoluble in the diluent. The

25polymerizeion iamperatuie depandsiendhabydmeaen dikent ghosananditiemelimer being

produced. In géggflene polymerisation the temperature is generally below 130C, typically between 50
and 125C, prerstablyBEiveen 75 and 115C. For example in ethylene polymerisation in isobutane

diluent, the pressureremgloyesiniihe loapispisiombivie thesange30:kR barg-theethyenempartial

pressure is preferahbly in the range 300.2-2MPa and_the polymerisation temperature is in the range

75-115C. THE QAL SRR S S tiRE S F S P BB R HEF B ORIRSH 1T T 8466 FBlume for

the progess afitheifresenrtinvemiion i kdha rergefiAdriaprRbiy2 Ox3hiepaehdimiYVhere
WO 2008/141965PCT/EP2008/055810 14 there are two qr more loops, the reaction conditions may be

the same or UiffEAEHETHAGITEPAISE | BLIS mansRee PRI $16 WRIBHSRRISeEE invention
is relevant irEtdentheoptepakatiofpefaprepesitions:coniainmerpledin (prelerabiaiiane) ealymers
opotymors TR R dOIaH SUNBERS 0 RblASte O Uy TRHEL b FESTBFGBYTEHE bR mers.
Eth_ylene copglyrsgrs.typically comprise an alpha-olefin in a varigble amount which can reach 12% by
mono-Hofin moner R TEACPAI 1oy BRSPS OIS SR L 10 &
carbon atomsqper roRfissiexaing 0o by anehing araemHiedsublg-heciBR4ar dgResitiomd ypical
cich s oty SHEE R8HCEE By hel ah GTEHEL L A S BUFEr R DU R are
particularly peefened, ¢emoromens ddtoedtiyianaicapelynersatioiyiene and butene-1 or ethylene
and hexene-1. Butene-1, pentene- t and hexene-1 are particularly preferred comonomers

15 for ethylene copolymerisation. :

Typical diluents emiployed in such reactions include hydrocarbons having 2 to 12,
preferably 3 to 8, carbon atoms perr molecule, for example linear alkanes such as propane,
n-butane, n-hexane and n-heptane, or branched alkanes such as isobutane, isopentane,
isooctane and 2,2,~dimethylpropane, or cycloalkanes such as cyclopentane and

20 cyclohexane or their mixtures. In the case of ethyiene polymerization, the diluent is
generally inert with respect to the catalyst, cocatalyst and polymer produced (such as liquid
aliphatic, cycloaliphatic and aromatic hydrocarbons), at a temperature such that at least
50% (prefersbly at least 70%) of thé polymer formed is insoluble therein. Iscbutane is
particularly preferred as the diluent for ethylene polymerisation.

25 The operating conditions can also be such that the monomers (e.g. ethylene,
propylene) act as the diluent as 1s the case in so called bulk polymerisation processes. The
slurry concentration limits in vclu:rz_i_e percent have been found to be able to be applied
mdependently of molecular weight of the diluent and whether the diluent is inert or
reactive, liquid or supercritical. Propylene monomer is particularly preferred as the diluent

30 for propylene polymerisation.

In commercial plants, the particulate polymer is separated from the diluent in a

manner such that the diluent is not exposed to contamination $o as to permit recycie of the



Typical diluents employed in such reactions include hydrocarbons having 2 to 12, preferably 3 to 8,
carbon atoms per molecule, for example linear alkanes such as propane, n-butane, n-hexane and
n-heptane, grdosamphadqalkanes such as isobutane, isopentane, isooctane adtrZF2zediaethidpropane,
or cycloalkanes such as cyclopentane and 20cyclopexane or their mixtures. In the case of ethylene
polymerization, the diluent is generally inert with respect to the catalyst, cocatalyst and polymer
produced (such as liquid aliphatic, cycloaliphatic and aromatic hydrocarbons), at a temperature such
that at least 50% (preferably at least 70%) of the polymer foimed is insoluble therein. Isobutane is

particularly prefesres s foeyeikieniion ethylerth poiyinelisbtionp2sitmione fatjagtogditions can also
be such that the monomers ( ropylene) act as the diluent.as is the ca o called bulk
polymer|satWH@@&BW@%gﬁﬁ%@eﬁcﬁwg%ﬁsﬂrzﬁ?é‘?rpv%ﬁ%é e A E‘:eaeein ?Ol%Jnd to be
able to be agpliediindapendenty afsnelietularweight efithe diveniandatisthérdhiidiu@ntis inert or
oropylene B ERSATBHEO A CER BT SRS 1 ok T AAE B 1080 A AT B the
diluent in a mafm suehdhatthe diluedtis polwnpopediticantamwitativman as topirmitthecycle of the

WO 2008/14 5PCT/EP2008/05581 15 dil tto he pol rizatio minimal if any
purification. SE5AF NG REHEHIG RIS ‘b%wlf? é%% Fﬁr‘b%lé‘sspo? éﬁ pgjr}ese% m%ér%on from

the diluent typigady @ﬁwﬂae}b@aﬁmy: m@tmwkm}mﬂbﬂnmaatmr examplefiraddn myolestaittier (i) the use
of discontinuous vertlcal legs such that th o of slyr acr ss the openin of-provides
lléé) &S i @%&ié?ﬁ B somees ex }%"ﬁgé mu& ]Tluenlt%]& ‘g ? hm{g“jﬁ

a zone whe ntlnuous product
withdrawal \i@ﬁﬁl@g{@v@ramuitmll\dihdfﬁmmthﬁsaﬂge Iegatiprefd-sihyoh Carctieanliwher@ on the loop
reactor but is. preferabl acent to the d wn tream end ofa ori taI sectio oft

contintibus diﬂa\ﬁ&ii" t%% VAL, % R IRtE Al drameter m‘aff(l}g%lr%]g% o g‘afgﬁ’;%é: Bly 4-15,

especially Sr&sﬁaemyh&ﬂihi&mmtldﬂlaemﬂmgé seatedpotyrrerisatiors redctoightecbdsoperated with

low diluent concentrations in the slurry minimises the quantity of the principal diluent withdrawn from

the polvmerisation loop. Use of concentrating devices on the withdrawn polymer sluiry,

preferably hydrocylones (single or in the case of multiple hydrocyclones in parallel 0._1“

15 series), further enhances the recovery of diluent in an energy efficient manner since "
significant pressure reduction and vaporisation of recovered diluent is avoided.

1t has been found that the slurry concentration in the reactor loop can be

optimised by controlling the average particle size and/or the particle size distribution of the
powder within the reactor loop. The principal determinant of the average particle size of

20 the powder is the residence time in the reactor. The particle size distribution of the powder
can be affected by many factors including the particle size distribution of the catalyst fed to
the reactor, the initial and average catalyst activity, the robustness of the catalyst support
and susceptibility of the powder to fragment under reaction conditions. Solids separgﬁng
devices (such as hydrocyclones) can be used on the shury withdrawn from the reactor loop

25  to further assist in control of the average particle size and the particie size distribution of
the powder in the reactor. The location of the withdrawal point for the concentrating device
and the design and operating conditicns of the concentrating device syster, preferabb' the
at Jeast one hydrocyclone recycle loop, also enables the particle size and particle size
distribution within the reactor to be conirolled. The average particle size is preferably

30 between 100 and 1500 microns, most preferably between 250 and 1000 microns.

Where the final reactor of the multiple reactor system 1s a loop reactor, the

withdrawn, and preferably concentrated, polymer slurry is depressurised, and optionally



recovery requirements. The operation of large diameter reactors with high solids concentrations in the
slurry minimises the quantity of the principal diluent withdrawn from the polymerisation loop. Use of
concentratingidawvigesiogs the withdrawn polymer slurry, preferably hydrocylGHESEBRGEEES T8I the case
of multiple hydrocyclones in parallel or 15series), fugther enhances the recovery of diluent in an energy
efficient manner since significant pressure reduction and vaporisation of recovered diluent is avoided.
It has been found that the slurry concentration in the reactor loop can be optimised by controlling the
average particle size and/or the particle size distribution of the powder within the reactor loop. The
principal detesmihaniafithmavénaterpauticiesimenyf 20#h eqpesid @his theare sidentadilycimtde reactor.
The particle %ze distributior%iof the powder can be affected by many factors including the particle size

distribution 3 ‘?ﬁ‘ei&é’é?éﬁﬁé’%se to the reactor, the initial and average catalyst activity, the robustness of

the catalyst suppofttaniilsasceptibilipnofiibe:powmdentorfragraexdt iurbe preastiofissbnadiiehsreSolids
separating devices (such as hydr lones),can be used on the slimy wjthdrawn from the.reactor loop
St further SRS ROt P B g LR IE St R S LR L Fre powcler
in the r@actproddss. |datiprsihthe fvithgrawatphash focti sgretmtatbing devite andrtfidadesign and
operating conditions .of the concenirating.device system, preferably the at least.one hydrocycl ne
eyl los e e e e e L R s e
controlled. Shéiavsiges pantiglesize ispreferaiptys3@haiwesti 1 6Cchnd:508 misrshs;imaost preferably

between 25004000 mistons, Where Ine final saaciorafihs multiple reagior.syslem is agop
eera%Ty conce i d. an optionally

reactor, the Withdrawn, an pr ntrated, polymer’sltrry is depressurised,
WO 2008/1&1:965R Qi kR 2 0B8I065810id frhtatbll; paseddirtrextoctieryifitsiaysdsbiy ftashveessel. The

streamys preferably hiegied aRer depIassHiSalion . érehga Iuent and ANy mongme yapaurs..
recovered in the primary fiadr vessel &re typically conden edg, prefera Ty without recompression and
reused in thbapolytheribationnpmtess! fimpressiad pidneptimamnfisshivessekigipidfetapiigaentrolled
lo enable condensalion wilarsaciyAvalaPle conling medlum (8 8:aaligo waten of essentially al of
the flash vapour prior to any re'compressm%. Pyplca ly such pressure in said primary flash vessel will be
4-25 for example 10:20rpresfesablyditgli® Beeran vEnd soliveslecovdred lfdefithe prinsasgtlesh vessel is

preferably %%?eﬁ?& %%&8&%}9@951@?1%&%58&38#&8}{%6 Ziegler-type catalysts, in particular

15 those derived from titaniﬁm, zirconium or vanadium and from thermally activated silica or
inorganic supported chromium oxide catalysts and from metallocene-type catalysts,
metallocene being a cyciopentadienyl derivative of a transition metal, in particular of
titanium or ZIrconiurm.

Non-limiting examples of Ziegler-type catalysts are the compounds comprising a

20  transition metal chosen from groups IHB, IVB, VB or VIB of the periodic table,
magnesium and 2 halogen obtained by mixing a magnesium compound with a compound
of the transition metal and a halogenated compound. The halogen can optionally form an
integral part of the magnés:iam compound or of the transition meta}
compound. _

25 Metallocene-type catalysts may be metallocenes activated by either an alumoxane
or by an ionising agent as described, for example, in Patent Application EP-500,944-A1
(Mitsui Toatsu Chemicals).

Ziegler-type catalysts are most preferred. Among these, particular examples include
at least one transition metal chosen from groups I1IB, IVB, VB and VIB, magnesium and

30  at least one halogen. Good results are obtained with those comprising:

from 10 to 30% by weight of transition metal, preferably from 135 to 20% by
weight,



10 residual volatiles. Alternatively the slurry may be passed to a flash vessel of lower pressure than in
the above mentioned primary vessel such that recompression is needed to condense the recovered
diluent. Usevobadughipressure flash vessel is preferred. The process aceOIRRJMGBMTSSHvention is
relevant to all olefin polymerisation catalyst systems,; particularly those chosen from the Ziegler-type
catalysts, in particular 15those derived from titanium, zirconium or vanadium and from thermally
activated silica or inorganic supported chromium oxide catalysts and from metallocene-type catalysts,
metallocene being a cyclopentadienyl derivative of a transition metal, in particular of titanium or

zirconium. Non-limiting: @Ramglies of Fieglerdypelcatalstdam thécampausdscompeiging a
20transition metal hossgn from groups III?, IVB, VB or VIB of e eriodic pﬁ@j/e m%{%ﬁsium and a
halogen obtained u%% md% G S PIEERE With S LRI St P the 4 R SToR hetal and a
halogenated compgwag(ihe haleasneaghepienatytern) gmintegrapad. oish4nagreigun compound
or of the transition metal compound, 25Metallocene-type catalysts may be metalloce tivated by
either an alumoxart ebg?ag?lﬁﬁ %ﬂ%ﬁ%’&&&ﬂﬁ%ﬁggg%ﬁ% ,%Si}%%mg?%}&éﬁéﬁf B\?)egl?g)ﬁgﬁm
EP-5005944rAsh {iitaut TnrisHs Chemicalsdrogen «Aibgigptyp dleatalysisarexmasipl efieledgAimong
these, particular examples include adt Ig%stone transition metal chosen from groups IIIB, IVB, VB and
VIB, magne&itGha 2 Y ETOHE HISERIT Good results are obtained with those comprising: from
10 to 30% by weigirtofitransition: metal-yeterakly frontddstal 209, byaveigbdIp@ried out in the
2008/141965PCT/EP 008/05%810 17 from.20 to 60% by Weé%{ﬂg halo}gengfrefe&%é%g frﬂm 30 to
50% by Weigﬁsﬁ‘%(r"ﬁ B %8055%3@ \%éfg?ﬁ?sgf Qa%’n i, T 9( from Tt /%agff W |gcﬁ%, ffom 0.1 to
10% by weigbi-ghakidniitp: geperdbysiront Qhutaibinbyanieight;dhecbhtanck geheratlyteondists of

cleme arag om he prodicts ueed or el Smapieetire, such.as Gaben: ydiggen
from group 1 of the periodic table, and aluminoxanes. Particular examples would be
organoaluminium compounds, of tmalkylaluminiums such as triethylaluminium,
trialkenylaluminiums such as trilsopropenylaluminium, aluminium mono- and diaikoxides
such as diethylaluminium ethoxide, mono- and dihalogenated alkylaIuminéums such as
15  diethylaluminium chloride, alkylaluminivm mono- and dihydrides such as
dibutylaluminium hydride and organcaluminium compounds comprising lithium such as
LiA{Cy Hs)g. Organoaluminium compounds, especially those which are not halogenated,
are well suited. Triethylaluminiuom and triisobutylaluminivm are especially advantageous.
The chromium-based catalyst is preferred to comprise a supported chromrum oxide
20 catalyst having a titania-containing support, for example a composite silica and titania
support. A particularly preferred chromium-based catalyst may comprise from 0.5 to 5 wt
% chromium, preferably around 1 wt % chromium, such as 0.9 wt % chromium based on
the weight of the chromium-containing catalyst. The support comprises at }east 2 wt%
titanium, preferably around 2 to 3 wt % titanium, more preferably around 2.3 wt %
25 titanium based on the weight of the chromium containing catalyst. The chromium-based
catalyst may have a specific surface area of from 200 to 700 m*/g, preferably from 400 to
550 m’/g and a volume porosity of greater than 2 cm’/g preferably from 2 to 3 cm’/g.
Silica supported chromium catalysts are typically subjected to an initial activation

step in air at an elevated activation temperature. The activation temperature preferably

30  ranges from 500 to §50°C, more preferably 600 to 750°C.



are preferably titanium and chlorine. Polyinerisations, particularly Ziegler catalysed ones, are
typically carried out in the presence of a cocatalyst. It is possible to use any cocatalyst known in the
art, especialy¢empeuisds comprising at least one aluminium-carbon chemigat-bepshwushsas
optionally 10 halogenated organoaluminium compaoynds, which can comprise oxygen or an element
from group | of the periodic table, and aluminoxanes. Particular examples would be organoaluminium
compounds, of trialkylaluminiums such as triethylaluminium, trialkenylaluminiums such as
triisopropenylaluminium, aluminium mono- and dialkoxides such as diethylaluminium ethoxide, mono-
and dihalogenated gikylglemiriums such as 15diethylaluminium chloride, alkylaluminium mono- and
dihyctrides such as dibutylaluminium hydride and organoaluminium compounds comprising@lithium

such as LiAI(C2 HSYASGF GARTURFE B HEPESHIRHO8E WHIGHBIE AoihaldgeAated, are
well suited. Fgtindalyminiynyand fiisohtylabiminiim.aee gapesially adyaniadenys. WS erween

chromium-based catalyst is é)referred to comprise a supported chromium oxide 20catalyst having a

titania-contafiNg s(ihpet FoP Bkaihpte dies R sRE AeLcA Re HarTL U orr X Barlie Ay preferred
chromium-bases, RIS IaYCRENBASEHEQEL S RIS W LI SIHOMILM. 1Pseferally a8qund & wi %

chromium, such as 0.9 wt % chromium based on the weight of the chromium-containing catalyst. The

support comfpRidesaigeetiontios demaiehsidian searbtiiroaiding 44 itdhrureislsrasieaeranly
around 2.3 wd fe2Blitastiumdaseda tog weightekthei eheamimeaRtARIRg Gaklystolhan

chromium-based catalyst mg%/&have a specific surface area of from 200 to 700 m2/g, preferably from

400 to 550 TR & Yofurie Jersstysripadictakatioa s pmhealy Hom!s BFammmighe
Silica suppostpershsamyumealalysts arenbraisaby-Subiestad Acandhilial actvalen;standn airat an

elevated activation temperature. The activation temperature preferably 30ranges from 500 to 850C,
more preferaYEH6 t5°E5bet R EB008/141965PCT/EP2008/055810 18 EXAMPLES

Example 1 may be considered to be a reference case. Examples 2, 3 and 4
demonstrate the considerable flexibility of the present invention; with the flow separation
in the same po_sition, it is possible to operate over a large range of production rates and
solids contents. Example 5 demonstrates a separation point further from the downstream

15 wvessel. Examﬁla 6 is a comparative Example, where the flow separation is less than

halfway along the line.
TABLE 1
EXAMPLE 1 ) 3 4 5 6
(comp)
Production rate kg/h | 10000 | 20000 8000 15000 | 10000 | 10000
Solids content wils 40 40 25 47 40 40
Flowrate line 5 kg/h | 75426 | 91195 § 77479 & 56106 | 75426 | 75426
Flowrate line 11 ke/h | 50426 | 41195 | 45475 | 24191 | 50426 | 50426
Flowrate line 13 kg/h | 25000 | 50000 | 32000 | 31915 | 25000 | 25000
Velocity line 13 my/s 6.26 12.53 2.82 7.62 6.26 6.26
Position of separation | % 86 86 86 86 56 38
Pressure drop line 13 | bar 0.14 (.57 0.26 0.22 0.72 1.44
Total ine length m 60 60 60 60 60 60

Compérative Example 6 can be compared directly with Examples 1 and 5, all three

20 of which operate at the same production rate and solids content, with the same mass

flowrates in the three lines, and with the same velocity in line 13. The only difference is

the location of the flow separation, which means that in the case of Example 6 the potential

for fouling or sedimentation to occur is much greater than in the other two cases. It should




The examples below are based on the arrangement shown in Figure 1, in which a polymer-containing
slurry is discharged from a reactor having a production rate of between 80001411 and 20000kg/h, a
solids concefipatign/ tfib&tween 25wt% and 47wt%, and a slurry density of 48GikKghn8s/Bktsgonditions
are given in Table | below: line 5 is prior to the flow;geparation, line 13 is after the flow separation, and
line 11 is the recycle line back to the reactor. The line between the reactor and the downstream vessel
is 60m long. In Examples 1 to 4, the flow separation is 86% along the length of the line. In Example 5
the separation is 57% along the length of the line, and in Example 6 (comparative) it is 37% 10along
the length ofthe Bineoted tExahplectisorayie amgdéfedliidxbﬁmrr@ibréri@amaa&&m@aseat Zand 4
demonstrate the co?] |d?r§ble fgleXIblhtX otlthetgresjegt invention:.wit iélow separation in the same
position, it |sg|roossm 0 ope‘rate overa arge range ot pro a‘?"éﬁrlw Fatédnd solids contents. Example 5
demonstrates a separation point further from the downstream 15vessel. Example 6 is a comparative
Example, where the flow separation is less than halfway along the line. TABLE 1 Comparative
Example 6 can be compared directly with Examples 1 and 5, all three 200f which operate at the same
production rate and solids content, with the same mass flowrates in the three lines, and with the same
velocity in line 13. The only difference is the location of the flow separation, which means that in the
case of Example 6 the potential for fouling or sedimentation to occur is much greater than in the other
two cases. It should WO 2008/141965PCDEP2008/055810 19 also be noted that the pressure drop
along line 13 in Example 6 is undesirable because it is greater than | bar, whereas it is less than 1 bar
in Examples 1 and 5. WO 2008/141965PCT/EP2008/055810 20 CLAIMS



I.Process for transferring a slurry stream containing polymer through a transfer line from a
polymerisation reactor to a downstream vessel, wherein prior to entry 5into the downstream vessel the
slurry strea¥is28farEted into two flows, the first flow being recycled upstreBRT GEHEHEEBEeparation
and the second flow being passed into the downstpgam vessel, wherein the flow separation is located
more than halfway along the transfer line between the reactor and the downstream vessel.
102.Process according to claim 1, wherein the downstream vessel is a second polymerisation reactor.
3. Process according to claim 1 or 2, wherein the length of the transfer line between the first reactor
and the locdtibi.b¥ihe flow separation is at least twice, preferably 15at least four times and more

preferably at least ten times that between the downstream vessel and the location of the flow
separation. 4. Process according to any preceding claim, wherein the average flowrate over any
5 minute period upbtreanfofthes flonsepiratigrn vimay Hycessthvdn 50%05dopeferabigiy less than

1096 in any 4. ighk Reior, EIeRbhC I A 12 IOVt nsre B BIGCSSS ACEQIAING 19 A preceding

claim, wherein the average pr rop over any 5 minute period between the first polymerisation
reactorianditte fievsepsirationvwasid stisyslesy tiraaB0sepreftedbiydipie sbtmnheSisidlany 4 hour

period, 25pielarably 0 AV PRI < f-RIGCSSS AECOIUING oA RIEGEdion iR wherein

part or all of theTfirst' flow is recycled back into the transter line upstream o W separation to form
a recycle lodpwa@ream vessel, wherein the flow separation is located more than halfway along the

transfer line between the reactor and the downstream vessel,

10 2. Process according to claim 1, wherein the downstream vessel is a second

polymerisation reactor.

3. Process according to claim 1 or 2, wherein the length of the transfer line
between the first reactor and the location of the flow separation is at least twice, preferably
15 atleast four times and more preferably at least ten times that between the downstream

vessel and the location of the flow separation.

4, Process according to any preceding claim, wherein the average flowrate
over any 5 minute period upstream of the flow separation varies by less than 50%,

20 preferably by less than 10% in any 4 hour period, preferably in any 12 hour period.

5. Process according to any preceding claim, wherein the average pressure
drop over any 5 minute period between the first polymerisation reactor and the flow
separation varies by less than 30%, preferably by less than 15% in any 4 hour period,

25  preferably in any 12 hour period.

-6 Process according to any preceding claim, wherein part or all of the first
flow is recycled back into the transfer line upstream of the flow separation to form a
recycle loop.
30

7. Process according to any of claims 1 to 5, wherein the first flow is recycled

upstreamn of the flow separation back into the first reactor.



21 8.Process according to any preceding claim, wherein a solids concentrator is located at the point of
flow separation in the transfer line. 59.Process according to claim 8, wherein the solids concentrator is
a hydrocyclone, and the flow into the downstrear vessel constitutes the concentrated base flow from
the hydrocyclone, and the recycled flow upstream constitutes the overhead diluent-rich flow from the
hydrocyclone. 1010.Process for transferring a first slurry stream containing polymer through a transfer

line from a poIymegi_satiorpf_ggéggogé&%ig,pgygg%?% %/f?ﬁgl Ci%h rg‘m e@&gratgo%latr)é (;ng%&g%t%o%/vnstream

vessel a second slurry stream which hasbeent om downstream 18 introduced into the first
slurry streastcefiedsscbhaosiey flsvosiuetioiopsnthtocatstitdss:than halfway along the transfer line
between the reactor and the point of 15recycling downstream. 11.Process according to claim 10,
wherein the second slurry stream is drawn from the downstream vessel itself and/or from the transfer
fine.. 2012.Proces§ accordipgfo alaind 1@ o AlaiwRevdierthe temephdf thectransferiline between the first

reactor and fhg-localian obihe:serand sty uadician s ess han nalfyrefaialy less than a

guarter, and most’preferably less than a tenth, of that between the point of recycling downstream and
the second BRI HefuleYidic 2 e8ePrddbs ferietadsfomving srsturrgatssarecdntaiitgpblymer

through a trgpsfer. ling ngﬁogp%gwg)r};ﬁ%g?aégg‘ctor to a downstream vessel, wherein prior to entry

into the downstream vessel the slurry stream is separated into two flows, the first flow being recycled
upstream of the flow separation via a recycle line and the second flow being passed into the

jownstream vesselgand ﬁrﬁy'égsW{yaﬁgﬁ%ﬁmg@m@ﬂﬁyﬁ&%@&;{&%ﬂlﬁ O AQWNRHGAM IS
introduced into the second flow prior to its entry into the downstream vessel. 7y
transfer line from a polymerisation reactor to a downstream vessel, wherein prior io entry
into the downstream vessel a second slurry stream which has been recycled from
downstream is infroduced into the first slurry stream, the second slurry introduction being
located less than halfway along the transfer line between the reactor and the point of

15 recycling downstrean.

11. Process according to claim 10, wherein the second slurry stream is drawn

from the downstream vessel itself and/or from the transfer line..

20 12, Process according to claim 10 or 11, wherein the length of the transfer line
between the first reactor and the location of the second slurry introduction is less than
half, preferably less than a quarter, and most preferably less than a tenth, of that between

the point of recycling downstream and the second slurry introduction.

25 13.  Process for transferring a slurry stream containing polymer through a
transfer line from a polymerisation reactor to a downstream vessel, wherein prior to entry
into the downstream vessel the slurry stream is separated into two flows, the first flow
being recycled upstream of the flow separation via a recycle line and the second flow
being passed into the downstream vessel, and a third slurry stream which has been

30 recycled from downstream is introduced into the second flow prior to its entry into the

downstrean vessel,



14.Process according to any preceding claim, wherein a catalyst feed or feeds, and/or part or all of any
of the reagent feeds to one or all the reactors, is, introduced into the transfer or recycle line.
515.Process according to claim 1, wherein the first flow is recycled back into the transfer line upstream
of the flow separation, and prior to entry into the downstream vessel the slurry stream is maintained
under polymerisation conditions so a to reduce the onczntraéﬁg of.at Ieas o&the re&gents
present in the strédm by RIEFAEEF 31%0&%?&?‘5’8 &880 ST%I}N%%%F cre%esw?é & hass of the
polymer pregeniripdhesifeanbydtamearsstha:et % opreterdbine miors, thanbdut¥d prior to

mtroductlon |nto the downstream, preferably polymerisation, vessel.
IHE trambler OF recyclerﬂng. y poly

15.  Process according to claim 1, wherein the first flow is recycled back into

LA

the transfer line upstream of the flow separation, and prior to eniry into the downstream
vessel the slurry stream is maintained under polymerisation conditions so as to reduce the
concentration of at least one of the reagents present in the stream by at least 50rnol%,
preferably at least 90mol% whilst increasing the mass of the polymer present in the

10 stream by no more than 5wt%, preferably no more than 1 wit%, prior to introduction into

the downstream, preferably polymerisation, vessel.



